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The determination of a proper fastening between the rail and 
{tie has become a matter of considerable importance. During 
period when the supply of suitable hard wood timber was suf- 
nt, the ordinary spike satisfactorily fulfilled the require- 
nts of traffic; but with the increase in the amount of traffic 
hdled, and the heavier weights of cars and locomotives, and 
/ with the use of soft deciduous and coniferous woods for ties, 
common spike has proved deficient. Variations in the form 
ne ordinary spike have been developed, and new forms of 
‘es have been devised in an attempt to overcome the loss of 
jiency attendant upon the use of inferior timbers. 

In view of these conditions, and the meager supply of pub- 
2d data on the holding power of spikes in ties, the writer has 
ied out a series of experiments to determine the resistance to 
drawal offered by the same type of spike in different timbers 
by different forms of spikes in the same timber, and also to 
rmine whether or not the preservative has any influence upon 
| resistance. 

‘Phe writer wishes to express his thanks for the hearty co- 
‘ation received from the various persons, firms and corpora- 
«= mentioned in the text. He wishes also to express his in- 
eness for personal aid, to Mr. Robert Trimble, Chief Engin- 
Maintenance of Way, Pennsylvania Lines; Mr. George E. 
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TABLE I 


DESCRIPTION OF THE TIES 


No. of 
Tie 


CO OTHOF WNH 


Ct Oko Oe 


Kind of ' Kind of Date 
Timber | Treatment | Treated ee 
Blue Ash Zinc-Creosote 1905 | Seasoned; sound 
Blue Ash Zine-Creosote 1905 | Seasoned; sound 
Sweet Gum | Zinc-Creosote 1904 | Seasoned; sound 
Water Oak Zine-Tannin 1904 | Seasoned; sound 
Water Oak Zine-Tannin 1904 | Seasoned; sound 
Red Oak Zine-Tannin 1904 |,Seasoned; sound 
Red Oak Zinc-Creosote 1905 | Seasoned; sound 
Red Oak Zinc-Creosote 1905" | Seasoned: sound 
Red Oak Zinc-Tannin 1904 | Seasoned; sound 
Rock Elm Zinc-Creosote 1905 | Seasoned; sound 
Poplar Zinc-Creosote 1905 | Seasoned; sound 
Mls «9 iy ieeeccory corte: .... | Seasoned; sound 
Ui. 7 OM ieee Sitapeeiecas ts hoy Seasoned; sound 
Beechy o pay threeeraueeet eases Bring Seasoned: sound 
Tila) en Ele ceo aves Seasoned: sound 
Black Oak Zinc-Creosote 1902 | Seasoned’ 
Red Oak Zine-Creosote 1902 | Seasoned 
Black Oak Zinc-Creosote 1902 | Seasoned 
Poplar Zinc-Creosote 1902 | Seasoned 
Loblolly Zine-Tannin 1905 | Treated Decem- 
Pine ‘ ber, 1905; sou 
Lob’y Pine Zincg-Tannin 1905 | Treated Dec; ’05; sou 
Red Oak Zinc-Tannin 1905 | Treated Dec; 0B: spl 
Black Oak Zinc-Tannin 1905 | Treated Dec; 05 
Black Oak Zinc-Tannin 1905 | Treated Dec; 05 
Water Oak Zinc-Tannin 1905 | Treated Dec; *05 
' Water Oak Zine-Tannin 1905 | Treated Dec; ’05 
Black Oak Zinc-Tannin 1905 | Treated Dee; ’05 
Red Oak, Zinc-Tannin 1905 | Treated Dec; ’05 
Water Oak Zinc-Tannin 1905 | Treated Dee; ’05 
Red Oak: Zinc-Tannin 1905 | Treated Dec; 05 
Wiktiter@ ake eee ee .... |{(Seasoned; in track 
White Oak-0| Met erene woos | |S bWO ears q 
; } Indiana Oak; sap- 
| W008 ea 
‘ ecay 
sWilite1© aiken | merece Georgia ore seasoned 
soun 
Water Oak Creosote 1904 | Sound 
Burr Oak Creosote 1904 | Sound 
Beech Creosote 1904 | Soun 
Elm Creosote 1904 | Sound 
Beech 27 ost ccearae AsEes Sound 
IWO\ey YEN || Soecwosec Seasoned; sound 
CHEStnUth Ss beer. Nee Seasoned: sound 
Red Oak Creosote 1904 | Showed tendency to sp. 
‘Beech ¥ Spal ee ecco Sound 
Beech: = =) i Qhveeeee Sound 
Beech 


Sound 
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30yd, Roadmaster of the Illinois Central Railroad; Mr. A. L. 
uehn, Superintendent of Maintenance of Way, of the Cleveland, 
‘incinnati, Chicago and St. Louis Railway; Dr. Octave Chanute, 
‘resident of the Chicago Tie Preservin’ Company, Chicago, Illi- 
eis; and to Professor Ira O. Baker and Professor C. H. Hurd of the 
‘university of Illinois. 
THE TIES 

The ties used in these experiments were furnished gratuitous- 
ras follows: Nos. 1 to 11, and 16 to 80 by the Chicago Tie Pre- 
srving Company, Chicago, Illinois; Nos. 12 to 15 by the Illinois 
entral Railroad Company; Nos. 31 to 41 by the Cleveland, Cincin- 
ati, Chicago and St. Louis Railroad Company. Table I gives 
description of the several ties used. The ties were taken either 
rom the stock pile of the railroad companies or from those of the 
reating plant. No attempt has been made to trace their history 
urther back than the place of growth and the date of treatment. 
meated ties were used in a majority of the experiments, since in 
ae future, as the inferior grades are pressed into service, the ten- 
ency will doubtless be toward the use of preserved timber. 


EXPERIMENTS 


Two distinct lines of experiments were undertaken: (1) The 
stermination of the resistance to direct pull of several forms of 
pikes; and (2) An investigation of the resistance to lateral thrust. 
herefore the paper naturally divides itself into two parts: Part 
Resistance to Direct Pull; Part II, Resistance to Lateral Dis- 
jacement. 

All of the experiments were made in the Laboratory of Ap- 
‘ied Mechanics, University of [linois. 


PART I RESISTANCE TO DIRECT PULL 


The experiments were made with a Riehle 100,000-pound 
stingmachine. Plate I shows the machine with a tie in position 
ratest. The pulling device for ordinary spikes, also shown in 
ate I, was a Verona spike-puller threaded into a piece of steel 
‘yeped between the lower jaws of the machine; the pulling de- 
ce for the screw spikes was of the same general pattern and 
ve designed especially for these tests. A scale graduated to 1-16 
9 inch was so set that the distance moved through the lower 
atofthe machine could be measured directly. A load of 500 
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pounds was applied to insure the tie’s having a good bearing be 
fore any records were taken. The machine was geared to move 
at the rate of 5-8 of an inch per minute, which allowed time for 
carefully balancing the niachine and for taking the readings of 
the scales. Five observations were usually taken; viz., when the 
lower head of the machine had moved through 1-8, 1-4, 1-2 and 3-4 
of an inch, and also at the point at which the maximum ‘aben resist- 
ance was developed. No observations were made after the spi 
had been pulled 3-4 of an inch, as it would have lost its wetno 
long before that point had been reached. ‘ 
Further consideration of this part of the paper will be contin- 
ued under the following heads: Art. 1, Holding Power of Ordinary 
Spikes; Art. 2, Holding Power of Screw Spikes without Linings; 
and Art. 3, Holding Power of Screw Spikes with Helical Lining 


ART. 1 HOLDING POWER OF ORDINARY SPIKES : 

The ordinary spikes were received from the following com- 
panies, the numbers in this list being the designations in the sub- 
sequent tables: Nos. 1 and 2 from the Pennsylvania Railroad Com: 
pany; Nos. 8 and 4 from the American Iron and Steel Manufactur: 
ing Company, Scranton, Pennsylvania; Nos. 5 to 10 from Dill 
worth, Porter and Company, Pittsburg, Pennsylvania; No. 1 
from the W. A. Zelnicker Supply Company, St. Louis, Missouri 
and Nos. 12 to 14 from the Dllinois Steel Company, Chicago 
Illinois. 

The nominal dimensions of the four sizes of spikes are showr 
in Table II. The actual lengths varied considerably from thé 
nominal lengths, usually being less. This was particularly true 
concerning the 6-inch spike. The actual cross sections were nearlt 
the same as the nominal, the variation in thickness rarely bein 
over 1-64 of an inch. As the range in thickness of the spike 
was only 1-160f aninch, some experiments were made with plain 
square and chisel-pointed bars 1-2, 8-4, and 7-8 of an inch thick t 
determine the relation between the holding power and the cros 
section. The spikes had differently shaped points, as shown i 
Table Il. Three spikes were used for each experiment, and thes 
three were always of the same size and lot number. 

The spikes were driven by Mr. M. Flood, an experience: 
track foreman detailed for this purpose by the division enginee 
of the Cleveland, Cincinnati, Chicago and St. Louis Railwaj 
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TABLE II 


DESCRIPTION OF THE ORDINARY SPIKES 


o ec > S S ef 
mee 25s | 632 | 88° | Se | gee |= 38 
ee ZA an 2 Aas fies ans ‘s) No 
il 6 5-8 0.372 Chisel 5 Smooth 
Y ) 1-2 5-8 0.372 Chisel 5 Smooth 
3 5 1-2 5-8 0.3872 Blunt 5 Smooth 
4 ® 1-2 5-8 0.3872 Blunt 5) Smooth 
5 6 5-8 0.372 Sharp 5 Smooth 
6 5 1-2 19-32 0.352 Sharp 5 Smooth 
7 5 1-2 19-32 0.352 |* Chisel 5 Smooth 
8g 6 5-8 0.372 Blunt 5 Smooth 
9 5 1-2 9-16 0.316 Blunt 5 Smooth 
1 10 5 1-2 9-16 0.316 Sharp 5 Smooth 
} Ty 5 1-2 9-16 0.316 Chisel D Smooth 
} 12 5 1-2 9-16 0.316 Sharp 5 Smooth 
| 13 5 1-2 9-16 0.316 Chisel 5 Smooth 

14 6 5-8 0.372 Chisel 5 Smooth 


‘hole ties were used to insure freedom from splitting in driving 
e spikes, and care was exercised to avoid driving the spike into 
aots or cracks. The spikes were driven into the tie to a depth 
'5 inches. In some instances, as shown in the record, holes 
pre bored for the ordinary spikes, the hole being 1-16 or 1-8 of an 
ch less in diameter than the cross sectional dimensions of the 
ike. The depth of boring was not quite as great as the depth 
i insertion, so that the pointed end of the spilke was forced into 
e undisturbed wood. ‘Table III gives the detailed numerical re- 
‘Its of the tests and Plates II and III show graphically the curves 
/ average resistances of the different ties. 
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PLATE I 
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TABLE III 


DETAILED RECORD OF TESTS OF DIRECT PULL OF ORDINARY SPIKES 


Resistance in Pounds Maximum > 
for Pull of Resistance 


Kind of a 
Tie OM las oa 
64] eck. € G cs rs 2 oom 
fe acd a = = & = gE | sg¢ 
© |=] Ss a) + nN <H 5 2 Re 
Sain tes a! BL a a a AE 
Blue Ash 1/12/11 1800 | 4460 | 5220 | 4450 || 6840 | 3-8 
Be 2| 4040 | 5060 | 4510 | 3990 || 7260 | 346 
3| 4270_| 4340 ; 3860 | 3370 || 63380 | 3-16 
Av.| 4150 | 4630 | 4530 | 3970 || 6810 | 3-46 
2! 6} 1] 2220 | 4700 | 5250 | 5230 || 8740 | 3-8m 
2| 3390 | 6940 | 4710 | 4710 || 8020 | 5-l6 
3 | 2860 | 5670 | 4890 | 4830 || 8540 | 3-8 
Ay.| 3000 | 5770 | 4890 | 4830 || 8640 | 3-8m 


Sweet Gum | 3] 5| 11] 2680 1930 2010 2220 4300 3-16 
2 | 3940 4010 3000 2550 5640 3-16 
3 | 5180 3920 4620 4560 5180 1 


Av.| 3920 3960 2690 2470 5040 3- 


3/14] 1] 2900 | 4030 | 3260 | 2720 || 5610 | 346) 
2| 3470 | 4100 | 2750 | 2780 || 5370 | 316m 
3 | 3540 | 3580 | 3030 | 2500 || 4900 | 3- 
Av.| 3300 | 3900 | 3010 | 2640 || 5330 |-3- 
Sy a a BORO) 5100 2930 2930 5100. 1-4 
2| 2690 | 5570 | 4040 | 3100 || 5570 | Le 
3| 5030 | 3400 | .... | .... | S100 | gm 
Av.| 3580 | 4370 | 3440 | 3420 || 5440 | Jum 
3/11] 1| 2110 | 4030 | 2340 | 1680 || 4030 | 14m 
2| 2780 3190 2320 etek 4810 3-1 
3) 1680 | 4100 | 3730 | 3340 || 4980 | Sel 
Av.| 2190 | 3770 | 2790 | 2510 || 4610 | 14 
313] 1] 2650 | 6500 | 4410 | 4030 || 6500 | 128 
2) 3890 | 4100 | 3590 | 3340 || 5460 | el 
3] 2910 | 6180 | 4800 | 4070 || 6180 | 44 
Ayv.| 3150 | 5590 | 4190 | 3810 Il. 6050 | 14 


TABLE I11—Continued 
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Resistance in Pounds Maximum 
For Pull of Resistance 
| Kind of g 
Peelic 3 . 
c/Ale fa S a a B $s 
Zo Only. = = = = 2 ae 
SaaS.) es ms ea = = lees 
Bilal a ee a a g & |ABS 
\ aver Oak 4; 14 iL 2790 6580 4190 3930 7560 5-16 
2», 3300 7060 2970 2940 7060 1-4 
3 2220 5330 3920 3200 7740 5-16 
AV 2770 6320 3660 3360 7450 5-16 
on) 14 1 2870 6040 4270 3400 7720 5-16 
1610 4460 5060 4240 7780 3-8 
AY 2240 5250 4660 3820 T7150 3-8 
26 | 14 aL: 2560 5430 3610 3530 6150 1-4 
2 3440 3340 3050 2590 4960 3-16 
3 3160 eas 3200 3210 5810 3-16 
AY 3050 4380 3290 3110 5640 3-16 
29 | 14 | 1 | 1580 3900 3970 3160 6000 | 5-16 
| 7 1470 3050 3450 3090 5110 5-16 
3 2190 4070 2990 : 4070 1-4 
Ay.) 1740 38840 3470 3130 5060 5-16 
4 6 al 1960 6030 0420 4530 8690 5-16 
Is 2 2390 5320 oes eh 8040 3-8 
3 3200 6380 4380 4100 7320 5-16 
AV 2520 5920 4900 4320 8020 5-16 
Bs 6 1 2750 6070 5260 4560 8580 3-8 
2 4330 4890 3430 3040 5270 3-16 
35 1610 4360 3190 3020 4760 1-4 
AV 2930 5240 3960 3870 6200 1-4 
25 7 1 3370 3860 3380 3180 4910 3-16 
2 1800 50440 3370 3130 5449 1-4 
3 2550 4490 3680 3230 4490 1-4 
|AV 2570 4600 3380 3180 4940) 1-4 
26 6 ih 3200 5300 4020 3820 5300 1-4 
i 2130 5710 4200 3700 5710 1-4 
3 3500 5820 4620 4340 5820 fee 
|Av.| 2940 5610 4280 3950 5610 1-4 
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TABLE I1I—Oontinued 


Resistance in Pounds Maximum 
for Pull of Resistance 
Kind of i Bs 
Tie : fo) a aes} () 
ole yea S S Ss g 5 
A 18 (RSs iS & S| = = s 
2 eS ® S =H = 
Sota ib evn. as 2 S a le 
Oak | 29 6 i 2810 4480 3750 3160 4480 
ese Dy 4620 Rect 4070 3720 4760 
3 3720 3450 2910 ites 3720 


Av.| 3720 | 3970 3240 3440 4320 


4/13) 1} 2820 5920 4360 4360 9000 


2 | 3130 5600 4170 3460 7450 
3 | 3430 6330 4440 4060 ||- 9000 
Av.| 3160 5980 3320 4260 8380 
o | Li}. 1) 3000 6020 3340 2750 6240 
2 | 3200 8010 4720 5300 9180 
3 | 3230 5800 3900 3890 6490 
Ay.| 3140 6610 3950 3980 7300 
26 | 11} 1} 8080 Bere 2650 22710 4240 
2| 2270 5090 3360 2940 5090 
3) | JNO) 5420 3610 3000 5420 
Av.| 2450 5260 5210 2770 4920 
25 | 18 | 1); 2440 5100 4230 3640 6450 
2 | 3440 6680 4000 3980 6680 
3 | 1840 3710 2830 2540 4550 
Ay.| 3570 5160 3680 3380 5860 
34 }13]} 1] 2340 5620 5770 5080 9070 
2 | 1700 3730 2830 2260. 4970 
3 | 3360 6560 3600 3010 6560 
Av.| 2470 5300 4070 3950 6870 
34} 14] 1] 4090 7000 4070 4020 8430 
2 |. 3090 6780 3550 2900 6780 
3 | 3180 7280 4660 2870 8040 
Av.| 3450 7020 4090 3260 7750 
Beet | ak | QBi@ 4720 4940 4730 6400 
2} 3010 6670 5210 4930 7360 
3 | 3900 8130 5060 4540 8130 
Av.| 3130 6510 5070 4740 7290 
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TABLE Ill—Continued 


Resistance in Pounds Maximum 
for Pull of Resistance 
‘kind of } gf 
Tie ° : 
ra Zi = q QS Gg Ase S S 
GA S) S) 3 3) o San 
Zale Sols = S| Ss =| S 8.40 
Seale we) x a * 5 2 ae 
Bla) a = aif a a a |Aabs 
| 
ack Oak 16 8 1 38010 6880 5950 4930 9000 3-8 
2 7220 4380 9100 3-8 


3880 | 8500 | 4620 | 3180 || 8700 | 5-16 


Av.| 3450 | 7530 | 5300 | 4160 || go40 | 3-8 


1 | 3230 6110 3270 2890 || 6110 1-4 
a ee 6280 4120 3760 6540 5-16 
31 2090 4390 3980 3540 || 7760 3-8 


16 | 14 


Av.} 2660 5090 3790 3390 6810 5-16 


2a Li | 2980 6740 3460 3290 || 8210 5-16 
2} 3380 | 7940 4290 3890 7940 1-4 
3 | 1220 2920 ons 4050 9060 1-2 


Ay.| 2200 5130 | 3870 | 3730 8070 


3 

2a) 51 1] 3430 8070 5300 4740 10000 5-16 
2 oo 5910 4500 4170 8970 0-16 

3 | 2870 7570 4200 3850 7070 1-4 
Ayv.| 3150 7020 4670 4250 || 8680 5-16 

ie One La ook 8470 3370 3370 || 8470 1-4 
2 | 2750 7130 2900 2930 || 8780 | 5-16 

3} 2940 6690 4480 2940 || ..-. 1-4 

| | 
Ay.| 3070 7430 4600 3080 || 8620 1-4 
18 | Ji) 1] 2650 5240 3340 267 7130 


or 
Pe a 
> 


3| 2660 | 6190 | 5040 | 4440 || 8250 | 9-16 


Av.| 2660 | 5720 | 4190 | 3550 || 7690 | 5-16 


il 1700 8410 3330 2570 5860 3-8 
2| 2120 3900 3170 2900 5660 3-8 
3 | 2250 4000 2830 3090 4000 1-4 


18 | 10 


Av.| 2020 3770 3110 2850 4880 3-8 


16|11| 1| 3650 | 5890 | 4010 | 3410 |) 5890 | 1-4 
21 4370 | 4430 | 3790 | 3550 || 6170 | 3-16 
31 2400 | 6230 | 5320 | 4380 || 8620 | 5-16 


Ay.| 3470 5520 4370 3780 || 6890 | 1-4 
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TABLE ILI—Continued 


Resistance in Pounds 


for Pull of 
Kind of S 
Tie 2 fe) Fe Ps 
Selita | es 4 4 4 
A | Oh as & =| & iS 
Pa ot cs 0 + rc) + 
Hin) = = a on 
Black Oak Pa Alal a 4900 T1070 3890 3140 7070 
2 3780 5740 3670 3260 5740 
3 | 2a 6550 Seach 3440 6550 
Av.| 3800 6450 3780 3280 6450 
Be | IO) 1 3950 6580 4150 3650 6880 
2 1810 4050 3460 2780 6510 
3 2960 5390 3600 3410 6500 
Ay.| 2910 5340 3740 3280 6530 
24 4 1 2330 5070 5820 5710 1740 
72 1880 5570 4320 3740 7010 
3 3450 6500 4300 3800 7360 
AY 2550 5710 4810 4740 7240 
23 a Hi 1820 4690 2800 2880 Wetave 
2 2250 4110 5520 3880 8790 
3 2960 7120 4590 3620 7120 
Ayv.| 2840 5760 3930 3120 7700 
24 6 1 2520 6110 4040 3490 
2 1810 5710 4160 3490 
3 3020 6480 3980 3710 
Av.| 2650 6130 4030 3560 
Red Oak Gi wy a te Sey: ate ane 
2| 1870 4750 4410 4190 
3 2320 6750 4150 3760 
Av.| 2050 5750 4280 3980 
9 8 1 2210 5460 4310 4100 
2 2940 6840 3730 3370 
|) alen@) 6570 3410 3360 
Av.| 2640 6290 3820 3610 
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TABLE IIl—Oontinued 


i 3 
Resistance in Pounds Maximum 
for Pull of Resistance 
(ind of i g 
Tie © : } 
s/A) a fa is a Ee of 
Pome ee) eee eS. re eee 
S\e1S| » | + |—a oT S 6 | Bes 
Steet eres a = oA & |ABE 
a Oak 7 1 ult 1450 3300 8700 4920 9210 5-8 
2 20380 4200 T780 4220 8800 7-16 
AV 1740 3750 8240 4570 9000 1-2 
8 8 i 1570 3100 2910 2600 7330 7-16 
2, 1730 3750 3220 2990 7230 7-16 
3 1950 4890 4200 3220 8970 7-16 
AV 1680 3910 3440 2920 7840 7-16 
EP) 8 il 2500 3940 2760 2770 5120 3-16 
Dae 2070 2890 2510 2370 4990 3-16 
3 3490 3490 2460 2370 5270 3-16 
4 2210 4670 2570 2550 4670 1-4 
5 3770 3250 2620 2440, 5150 3-16 
6 2620 5490 3780 3400 5490 1-4 
Ay.| 2930 3950 2800 2650 5120 3-16 
4] 1 il 2170 4400 4540 3630 7040 5-16 
2 3900 3650 2230 2420 6040 3-16 
a 1930 4300 2690 2530 5650 5-16 
AY 2660 4110 3150 2860 6240 1-4 
17 1 alt 1710 5030 5420 6260 9720 3-8 
2 | 2240 5240 9900 6710 11900 te? 
33 3280 6400 7550 7020 10940 7-16 
Ay.| 2410 | 5560 | 7620 | 6660 || 10850 | 3-8 
cop) ab 1 3520 4480 3300 2910 5950 3-16 
2 3700 Le 3500 3640 6930 1-4 
3 3690 ee 3710 3080 4460 3-16 
4 3320 4350 3550 2990 6240 3-16 
AV 3550 4410 3520 3150 5900 3-16 
Gack i 2150 5330 4640 3420 7580 5-16 
2 | 2990 7830 | 4570 3200 7830 1-4 
3] 3240 7000 4710 3670 8280 5-16 
AY 2760 6740 4640 3430 7890 5-16 
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TABLE I11—Oontinued 


Resistance in Pounds Maximum 
for Pull of Resistance 
Kind of Es ‘ = 
Tie 3 
BiB’ eles a o cs BQ =e 
Oa al ae oo =H a = B Bi 
Glonia au sy 4 Bs a fa) 
Red Oak loo) A ads0 5010 7120 | 5630 9080 8 
2| 3430 | 6110 | 4930 | 4800 7020 5-16 
Ay.| 29380 | 5560 | 6030 | 4960 8030 | 3-8 
9|12]| 1] 3530 | 5410 | 3790 | 3680 5410. | 1-4 
2! 3000 | 6280 | 3950 | 3510 6280 | 1-4 
3 | 3720 | 7140 | 4350 | 4300 7140 | 1-4 
Ayv.| 3420 | 6280 | 4030 | 3880 6280 | 1-4 
9|13| 1] 3270 sshd 3790 | 3630 7030 | 1-4: 
21 3740 | 4600 | 37380 | 3110 6660 | 3-16 
3| 3690 { 4610 | 3540 | 3180 6130 | 3-16 
Av.| 3560 | 4600 | 3680 | 3320 || 6610 | 346 
Tg ie a ee Oe Hoek) AAG 20% 
Pg ee re i 510 
DS | paseo sams | 10680 A 
nee oan See. E1490 
este ie bay ee Wee 3430 | 3130 6390 | 1-4 
2| 3910 | 7150 | 4410 | 3480 7150 | 1 
3} 3810 | 5000 | 4270 | 3670 6760 | 3-16 
Ay.| 3860 | 6080 | 4040 | 3530 || 6770 | 1m 
28s| at Blea eee ae 5200 3710 8200 5-16 
2| 6250 | 4000 | 3280 2600 6250 | 1-8 
3 | 2880 | 6870 | 3740 | 3280 6870 | 1-4 
Av.| 4570 | 5440 | 4070 | 3200 7100 | 1-4 
So | a 9 030 6800 6080 4950 9420 5-16 | 
2| 2680 Ree ce ae ey, i. 
3 | 3580 | 6250 | 6680 | 4640 9240 | 3-8 


Av.| 3060 | 6530 | 6380 | 4790 || 9330 | 516 


*This was the first tie tested, and gave unusually high results. 
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TABLE I1]—Continued 
Resistance in Pounds Maximum 
for Pull of Resistance 
<ind of | 
i oS ‘ m = 
Meee Ce 1h ers eee 
cape ea | os 5 5 E 2 |sas 
ae © oe) ~ nN <H SB BA's 
Alalal a a: ml aq |Aaes 
PORN M3 1 2440 5810 3270 3340 5810 1-4 
Dy 2850 5040 2770 2170 5040 1-4 
3 1880 4530 3700 3450 6280 3-8 
JAy.| 2390 | 5130 | 3250 | 2990 || S110 | 1-4 
SOM ni ill 3700 3960 2950 2460 5500 3-16 
y 1700 3560 2920 3150 4720 3-8 
AY 2700 3760 2940 8010 5110 1-4 
30 | 10 af 1680 3580 3070 3030 5570 3-8 
z 2020 4070 2490 2480 5220 5-16 
3 2540 4590 3070 2890 6080 3-8 
AV 2040 4070 2870 2760 5620 3-8 
Anas 2 aL 4500 7690 3530 3340 7690 1-4 
\ 2 4750 aks 3200 3300 7210 3-16 
iB 1930 5840 3370 8750 7430 5-16 
AV 3730 6760 3360 3460 7440 1-4 
4] 9 1 3670 7950 3100 2420 7950 1-4 
2 3760 7110 3450 3300 7110 1-4 
3} 4620 4500 4450 3960 6230 3-16 
AY 4010 6520 3660 3220 7090 1-4 
28 3 1 5290 4000 8290 5-16 
2 4940) 4420 7840 5-16 
3 4190 3510 494() 1-8 
AY 4810 3970 7020 5-16 
re Oak ai ab lt 2960 4960 8240 5560 8240 Wey 
Y 1410 3570 9450 6220 9450 fe2 
3 3090 6850 5930 5600 9440) 3-8 
Av.| 2490 5130 7540 5780 9040 EZ 
op leek af 4020 8640 6210 5770 10560 3-16 
Z 2200 3390 9240 4500 9240 1-2 
3 2230 5020 6290 5250 9000 3-8 
Ay. 2820 5680 7250 5170 9600 3-8 


~ 
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TABLE II1—-Continwed 


Resistance in Pounds Maximum 

for Pull of Resistance 

Kind of : a 
Burr Oak 30 | 8 2690 7040 4820 4110 10090 


iL 
2| 2740 5840 4060 3700 7920 


Ay.| 2710 6440 4440, 3950 9000 


1} 3240 7030 3400 3140. 7030 
2| 2430 5870 4390 3850 7580 
3 | 3700 7500 4180 3330 7500 


White Oak | 31| 1 


Av.| 3150 6800 3990 3440, 7370 
1 Saar 4020 3600 3280 7830 
2 | 3960 7100 4000 3750 7100 
3 | 2250 5080 3650 3200 8980 


31 | 14 


Av.| 3110 5960 3750 3410 7940 
33} 1| 1) 4220 3570 3810 3040 7520 
2 | 1950 3670 4640 3340 6940 
3 | 3190 5260 3810 3000 6410 


Av.| 3120 4160 4090 3290 6990 


ove |) Ik |) -atelad) 9440 5980 4650 9440, 
2 | 3460 6400 3710 3680 8650 
3 | 1610 3740 4670 5070 9360 


Ay.| 2980 6530 4770 4300 9150 
338 | 7] 1] 4790 3910 2860 2530 5750 
2| 4150 4930 3010 3270 6500 
3 | 4680 3840 3070 2450 6030 


Ay.| 4520 4230 3150 2750 6090 


32 | 10} 1} 2400 3490 8280 3820 8280 
: 3100 4840 5410 3880 10190 


2570 6410 | 10670 4400 10670 


Ay.| 2690 4910 8120 4030 9710 
33 | 10} 1 | 2980 5490 2390 2330 5490 
2 | 3080 6360 2860 2460 6360 
3 | 3890 6810 3040 3360 6810 


Ay.’ 38300 6220 2930 2720 6220 
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TABLE I1I—Continued 


Resistance in Pounds Maximum 
for Pull of Resistance 
‘Kind of Si 
Tie S = 
6 |Z , ie Fa a a a 58 
FZ cD) © 2 2 2 iro} STH 
nd > i . = =| a x qo 
o 4 Q z= ley vee 5 eS 
Clea Ya anc oO H ™ ~H iS Reale) 
is! | wa |S = = = as Ay Ae se 
nite Oak | 32 9 1 3630 7500 5840 4650 9640 3-8 
2 2960 6760 4250 4500 10650 3-8 
3 3490 8270 4810 4590 10750 5-16 
Av.| 3360 T7510 4800 4430 10350 3-8 
Sle as aff cet Peete 5200 4330 8380 3-8 
2 4000 7490 3980 3770 7490 1-4 
BR | Bae) 8450 5010 4240 8450 1-4 
Ay.| 4050 |~7920 | 4730 | 4080 || 8770 | 3-16 
| Sorta = 14200 ea 4330 3790 7330 3-16 
z 4200 730 4390 3630 75380 | 1-4 
3 5900 3850 3100 2790 6590 3-16 
Ay.| 4830 5690 | 3940 3410 7150 3-16 
tk Elm 10 5 Bb 2250 6530 4460 4420 8280 5-16 
2 3260 7160 4620 3850 7160 1-4 
3 | 2910 5880 4650 1340 7300 3-8 
Ay.| 2810 6520 4580 3210 7910 5-16 
10 2 1 1920 3770 6060 53819 7410 7-16 
2 o.* eee te ee Cw er) S46 Ae eee 
3) 1960 4510 4420 4160 || 7730 3-8 
Ay.| 1940 4140 5240 4730 71570 3-8 
LOS | alate al 3730 Gn e310 3930 7760 1-4 
2 2800 5820 4460 3580 6800 5-16 
3 3300 6270 4120 3550 7840 5-16 
4 1600 6070 5030 4140 7700 5-16 
5 bose 7810 5210 449() 7810 1-4 
Av.} 2800 6950 4620 3340 7600 5-16 
qd Elm | ; 
Be glee 1 1240 nee 6430 4380 9230 7-16 
2 3000 6500 5080 4960 10040 7-16 
3 1760 5970 eee 4040 8810 3-8 
Ay.’ 2000 6230" yo io0 4460 || 9350 5-16 
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TABLE III—Continued 


Resistance in Pounds Maximum 

for Pull of Resistance 

Kind of . p E 
: S 5 = 
Te stele) gs | 4 | sete 
By eae ape : = £ 5 | $a 

Ag ae es o ~ nN + S mi 

Hin|aA a = = on Ay AS 

d El 13} 2| 1] 1930 | 3990 | 4540 | 3760 || 7730 | 516 
Bee 7 2 2240 3860 5250 3970 8100 7-16 
3 1960 4200 4540 3850 7120 3-8 


Av.| 2040 4020 4770 3890 7650 7-16 


TST LOM SL ezsio 4930 4850 3510 7000 3-5 
2 | 2450 4800 4930 3740 7480 3-8 
3 | 2140 5030 3790 3210 || 8690 7-16 


Ay.| 2460 4920 4520 3490 7890 3-8 
White Elm | 12} 14] 1), 1750 4500 3270 2720 5330 oa 
22810 5500 3530 3010 5590 5-16 
3) 1890 5610 3620 2770 5610 1-4 


ANY | 2150 5200 3470 2830 oo ld 5-16 
12°) Se) 1 | 2460 5790 3590 2980 6280 
2| 2140 5410 2830 2770 5410 
Salameliat 0 5270 2520 2430 5270 


5 

ii 

1 
Ayv.| 2120 5490 2980 27120 5690 1-4 

3 

3 

5 


15| 5| 1{| 2630 | 6330 | 5580 | .... || 9500 : 
2| 3810 | 7260 | 4680 | 4310 || 9560 g 
3| 2810 | 6100 | 4160 | 3620 || 8050 | Sal 
Av.| 3080 | 6560 | 4770 | 4000 || 9030 | 3.8m 
37| 5 | 1| 2490° | 8130 | 3900 | 3660 || 8130 | tf 
2| .... | 5160 | 4040 | 3380 || 6650 | 5a 
3| 2790 | 6540 | 3770 | 3420 || 7460 | Sele 
Av.| 2640 | 6810 | 3910 | 3470 || 7410 | Sale 
15-1 13-) 1 | d600 Weteoon ae 5900 || 9670 | 46 
2| 2230 | 5770 | 5530 | 4820 || 8760 | 38 
3} 1450 | 4200 | 9310 | 6190 || 9310 | 18 
Av.| 1760 | 4860 | 7420 | 5630 9250 | "Tel 
12 | 10 1990 | 3560 | 3350 | 2700 || 5370 


1830 3930 2360 1650 4100 


di 3-8 

. 1920 4320 3540 2690 5450 3-8 
ila 4 
3 


Ay.| 1910 3970 3080 2010 4970 
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TABLE II1—Continued 


Resistance in Pounds Maximum 
for Pull of Resistance 
Kind of ; = 
eure 2 ee | Cem eS ees 
Re aC bees 2 a = SB | aes 
Hin|H| 4 es at ob A | Aes 
e | 
Me Him | 15) 12} 1] .... 5590 4670 3810 7860 3-8 
2 | 2430 5630 3870 3350 6140 | 5-16 
2 2600 5550 3140 see Se ad) |) let! 
Ay.| 2510 | 5920 | 3890 | 3580 6520 | 5-16 
Sra oni Le 2100 4710 3390 3330 || ‘7170 3-8 
2] 2920 5160 4070 3840 || 6310 5-16 
3} 3150 5900 4300 3860 || 7570 3-8 
Ay.| 2390 5290 3920 3680 7020 3.8 
ech PEA GOae cl, oes. pees |) 95890: | 4670 7680-4) 1 
2| 2870 5150 4870 4320 7190 3-8 
3 | 2230 5660 5310 4940 7820 5-16 
Ay.| 2550 5400 5190 4470 7560 5-16 
36 | 6| 11] 4830 4740 4400 4510 7120 3-8 
2 | 3610 8100 6230 5320 || 8560 1-4 
3 | 2640 8120 5470 4640 | 9080 5-16 
Ay.| 3530 | 6990 | 5030 | 4820 || 8250 | 5-16 
14} 25 2 | 2550 4740 4570 4100 || ‘7670 | 5-16 
2| 2200 5570 5690 4190 || 8170 | 3-8 
SB 1 2120 4910 4800 3970 7860 3-8 
Ay.| 2290 5070 | 4700 | 4090 || 7900 | 3-8 
36| 2| 1] 3210 | 5940 | 4010 | 3840 | 8460 | 38 
2] 3110 6900 4170 3900 | 10400 3-8 
6 12190 5440 5240 4130 | 8270 5-16 
Ay.| 2850 6090 4470 | 3960 | 9040 3-8 
12) £93) 11° 2660 5070 Ug 3560 | 8130 | 3-8 
2 1500 2820 9910 5060 9910 12 
3 1490 3810 8900 5280 || 9220 7-16 
Ay.| 1880 | 3900 | 8960 | 4630 || 9090 | 7-16 
36 | 9{| 11] 2130 4900 4240 4210 9890 3-8 
| 2| 2940 | 6640 | 3860 |. 3600 9430 | 5-16 
3.| 2370 4920 3830 3600 8900 | 3-8 
Ay.| 2480 | 5490 | 3980 | 3820 9410 | 3-8 


20 
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Resistance in Pounds 
for Pull of 


Maximum 
Resistance 


Kind of a: o= 
Tie Oris . E £ S| 
BAe |S Ah eee Beales € | sdg 
Aye Oa s | as a 5 ra sa? 
Or Be Mas if a x 5 | fos 
Alalea| 4 a a oA x | Cee 
Popla li1/ 2] 11 2700 | 4690 | 3980 | 3520 || 4690 | 1-4 
aie 9| 4690 | .... | 3240 | 2890 || 4980 | 3-16 
3 300 5100 3240 2900 5100 1-4 
Av.| 3460 | 4890 | 3490 | 3100 4920 | 1-4 
19| 2| 1] 2750.) 4510 | 4400 | 3980 || 6990 | 38 
2| 2710 | 5270 | 2840 | 2610 || 5270 | 14 
3 3100 6050. 4080 3650 6050 1 
Av.| 2850 | 5240 | 3760 | 3410 |} 5000 | 149 
11/12| 1| 2220 | 5130 | 2960 | 2750 || 5350 | 5-l6 
2! 2750 | 4940 | 3800 | 3590 || 5070 | 5qi 
Av.| 2480 | 5040 | 3280 | 3170 || 5210 | 5-16 
19} 19°) PP 610 1 ero cate eee 6250 | B16 
2) 2460 | 6220 | 4400 | 4170 || 7040 | 5-16 
Ay.| 2530 | 5990 | 4400 | 4170 || 6650 | 5-16 
Chestnut | 40/14) 1] 2300 | 3100 | 2410 | 2260 || 4300 | 3-46 
2| 2330 | 2600 | 2860 | 2460 || 4060 | 3-16 
3 | 3730 | 3370 | 23870 | 2100 || 5050 | 34im 
Av.| 2490 | 3060 | 2540 | 2270 || 4470 | 348 
$0) ah vee nee og sae 5830 -| 3-16 
2 | 3010 | 2720 | 2650 | 2650 || 5180 | 34@ 
3 | 3300 | 3570 | 20950 | 2400 || 5500 | 3-6 
Av.| 3150 | 3150 | 2800 | 2520 || 5510 | 3ele 
40 |12| 1] 3320 | 6230 | 3050 | 2270 || 6280 
3.1. Ou aaee ve aay 5110 
3 | 2000 | 4000 | 2490 | 2430 || 4000 
Ay.| 3480 | 5110 | 2770 | 9350 || 5110 
4o| 4} 1] 1300 | 3780 | 3170 | 2940 || 5420 
2| 2300 | 5420 | 3360 | 2780 || 5420 
3 | 2440 | 5640 | 3190 | 2590 || 6220 
Ay.| 2850 | 4950 | 3240 | 2770 || 5690 
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TABLE Il1—Concluded 


. i] 

Resistance in Pounds Maximum 

for Pull of Resistance 

Kind of : ] 

Tie S 

Z| © = S S = = Ae 

an = inl “4 — = a> » S'S 

& a ® a0 a a me = oe 5 

Alala a us a! oh Ay Qa 
4oblolly 39 | 14) 1] 3390 | 2970 | 2620 | 2590 3390 | 1-8 
| 2| 3760 | 3980 | 2790 | 2420 3980 | 1-4 
Pine 3 | 4050 2860 2020 1850 | 4050 {3 
. Av.| 3730 | 3270 | 2480 | 2290 3810 | 18 
21|14| 1] 2880 | 4550 | 2370 | 1870 || 4550 | 1-4 

2! 1980 | 2110 1890 1570 || 3520 | 3-16 

3 4510 | 3910 | 3340 | 2880 | 5200 3-16 

Ay.| 3120 | 3520 | 2560 | 2110 || 4420 | 3-16 
20/ 5| 1) 2250 | 4550 | 2980 | 2540 4550 | 1-4 

2| 2810 | 2670 | 2720 | 2640 4570 | 3-16 
Bul sDGLOA ho ovw'as noite eel S6LOD ) S1es 

4 1890 2690 » 2290 2030 || 3710 3-16 

Av.| 2640 3270 2650 9410 || 4110 3-16 
21/10| 11 3570 | 4450 | 2500 | 2930 || 4450 | 14 
2| 2550 | 4890 | 3400 | 3020 4890 | 1-4 

| | | y = | 

| Ay.| 3060 | 4670 | 2950 | 2630 | 4670 | 1-4 
20 | 3 / 3090 | 4800 | 2730. | 2320 4800 1-4 


1 | 
| 2| 2610 | 2330 2300 2080 3440 | 3-16 
3 | 1870 3810 2510 9980 || 3810 1-4 


Av.| 2860 | 3650 | 2510 | 2210 || 4020 | 1-4 
1| 3110 2120 | 2170 170 || S110" 1 “8 
2| 1560 3880 | 3060 | 2380 3880 1-4 
3 | 1630 3330 2640 2650 3330 1-4 


39 | 6 


Av.| 2100 | 3110 | 2960 | 2250 || 3440 | 14 


A study of the results of Table III has been made to determine: 
A> Comparative holding power in untreated ties; (B) Comparative 
ulding power in treated ties; (C) Comparative holding power of 
he same timber, treated and untreated; (D) Effect of preservative 
n the holding power; (E) Relation between the cross section of the 
ike and holding power; (F) Relation between the depth of pene- 
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tration and the holding power; (G) Effect of the point of the spi Ke 
on the holding power; (H) Effect of bored holes on the holding 
power; (I) Effect upon the holding power of re-driving the spike. 
A Oomparative Holding Power in Untreated Ties 

Table IV is compiled from Table III to show the average 


holding power for different untreated ties. Hach result in Tabl 7 
IV is the average of the corresponding results in Table III. 


TABLE IV 


AVERAGE HOLDING POWER IN UNTREATED TIES 


Maximum : 
» | Resistance in F Resistance in 
2s Pounds for sets uel per cent of that 
rd Re | im a Pull of in White Oak 
Kind eee os 
of Tie cline ~ Sal ay RQ B i 
° ° rs) i) Se Sag cS) iS) 
: I a 5 2B eo = q 
Soa aes i & | AMA | | = 
pee ee = eee 
White Oak POs E30 3510 3950 7870 5-16 100 
Elm JO |) B83 2310 5390 7290 3-8 66 
Beech le 9 2240 3790 8180 3-8 64 
Chestnut ANZ 2990 4070 5190 3-16 86 
Loblolly 
Pine iz 6 2920 3190 3630 3-16 85 


Table IV shows the comparative holding power of five kind 
of timber. The last three columns show the holding power 
terms of that of white oak. It is thought that a pull of 1-4 of 
inch gives results which are of more value in comparing the hold- 
ing power of the different kinds of ties than the results for eit 
greater or less distances, since the results for the 1-4-inch pull 
present the resistances of the various timbers to the withdrawa 
the spike for a distance which should not be exceeded in practi 
and since the maximum resistance and the results for a pull of 
of an inch represent the resistances for distances which are the 
fore not of so much consequence as the 1-4-inch pull. Not 
that with chestnut and loblolly pine the maximum resistance 
curs at 8-16 of an inch, which is a reason for comparing their mas 
imum resistance with that of white oak at 1-4 of an inch instead 01 
with its maximum resistance, as in Table IV. If this is done, the 
efficiencies of chestnut and loblolly pine for a 1-4-inch pull or le 
are 181 and 85 per cent respectively. 
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The fact that the maximum resistance did not occur until the 
xike had been pulled from 3-16 to 3-8 of an inch is interesting. 
‘hile the spike is being driven the fibers of the wood are bent 
ownward and are pressed outward, and as the spike is withdrawn 
.e friction between the spike and the wood tends to draw the fib- 
*s into their original position, which causes them to crowd lat- 
ally against the spike and also toward the surface of the tie, 
a'.] finally the external pull exceeds the‘internal resistance and 
.e spike slips. When the fiber structure is open, there is con- 
derable cellular space for the displaced fibers to occupy, and 
erefore the maximum resistance is low, and is quickly attained; 
it when the fiber structure is compact, the reverse is true. 

As the loblolly pine ties should always be preserved, the re- 
.lts in Table IV for this timber are of doubtful value. For the 
st results elm ties also should be treated; but as some species of 
m do not absolutely require treatment, elm is properly included 
TableIV. Arranging these timbers in the descending order of 
-eir resistances for a 1-4-inch pull, we have elm, chestnut, white 
ik, beech and loblolly pine. 

The maximum holding power for the first three timbers in 
able IV is satisfactory, but that for the last two is quite low. 
ne last fact indicates that when timber of the softer varieties or 
mber having loose fiber structure is used for ties, some more 
ficient form of fastening should be devised. 


B Comparative Holding Power in Treated Ties 


Table V is compiled from Table III to show the average 
siding power obtained with various treated ties, each result in 
is table being the mean of the corresponding values in Table 
1. The average results obtained with untreated white oak are 
30 included so that comparisons can be made. 

The average for the resistances for all of the treated timbers 
shown at the foot of the table. Excluding the last two timbers, 
€ average resistance for the 1-4-inch pull is 5690 pounds. The 
2zimum resistance of the last two timbers should be averaged 
th the resistances of the others for the 1-4-inch pull, in which 
s= the average resistance for all of the timbers for a 1-4-inch 
or less is 5400 pounds. 

Table V shows that the resistances of the several timbers do 
st differ widely, and that the soft timbers give results which 
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TABLE V 


AVERAGE HoLDING POWER IN TREATED TIES 


Resistance in Mae 
nN be) 7 
als Poundetos Resistance 
7 Deal ay a Pull of 
Kind of Hla one 
Tie tH oH a Te] ra ay & 
DS s) 5) = Sa 
. =| i=) =} moe 
Se e S ° yop 
PANS eo = alr A 
rm re 
White Oak : 
(Untreated) 10 | 30 3510 3950 7870 5-16 100 100 i 
Water Oak 16 | 48 | 2870 5730 6780 5-16 82 | 145 
Black Oak 13 | 89 | 2910 5890 7230 5-16 83 | 149 
Red Oak 20 | 60 | 2950 5350 7730 5-16 845 | se. 
Burr Oak Bl BE Ban 5750 9210 3-8 76 | 145 | 
Ash 2 Galea) 5200 7730 5-16 LOM ee 
Elm By || diay |) QEeo 5940 7500 5-16 74, 150 
Beech 3) 9) 2950 6190 8900 3-8 84 | 157 
Poplar 4 | 121 28380 5290 5670 5-16 81 | 134 
Loblolly Pine ; 4/12] 2920 3780 4310 ied: 83 | 109 
Sweet Gum ©» | 15) 3280 5320 5300 3-16 92 96 
AY. Rvoolooscl 2a 5320 HOO WW aS noone 84 | 185 


compare favorably with those obtained for the hard woods. 
table also shows that the range for the maximum resistances 1 
much greater than that for either the 1-8-or the 1-4-inch pull. Th 
resistances for the different species of oak are very nearly th 
same, the mean for a 1-8-inch pull being 2850 pounds, for a 1-4-iné 
pull 5680 pounds and for the maximum 7740 pounds. Notice tha 
with nearly all of the timbers the maximum resistance was obtaine 
after the spike was pulled more than 1-4 of an inch, but therei 
no apparent relation between the amount of the holding powe 
and the distance through which the spike has been pulled. 

Comparing the resistances of treated timbers with that of un 


than in any of the other woods save one. The maximum resi 
tances of all but the last three timbers are practically the same. 

Considering the uniformity of the results obtained with a pu 
of 1-4 of an inch in the few timbers which were available, the: 


appears to be no strong reason for much discrimination betwee 
the different treated timbers. 
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C Comparative Holding Power of the Same Timber, Treated 
and Untreated 


Table VI has been compiled from Table III for the purpose 
studying the effect of the treatment upon the holding power of 
‘imber. 

TABLE VI 


‘ELATIVE HOLDING POWER IN TREATED AND UNTREATED TIES 


Resistance and Gain in Pounds 


% Due to Treatment 

mers = = 

Kind |= | &| Condition || 3 5 g3 

of Tie ats of Tie Py SI Ay S| 5 8 S 
Sale A) 2/|s/8 | 32] 8 
S| 6 Sen eke ES oh ier | S 
L 7, oO aa ee 
ii a z! false 
3 | 27 | Untreated || 2310 5390 7290 | 
2115| Treated || 2590 | 280 | 5940] 550] 7500 | 210 


9 | Untreated |} 2240 3790 8180 

9 Treated 2950 | 710 | 6190 | 2400 | 8900 820 
6 

2 


Untreated || 2920 3190 3630! 

Treated 2920 000 | 3730; 640 | 4310 | 680 
s | 
H Oak Sl) TES) hae E Nite esoil Wesooer 6460 | : 
AR | alk reabedeeullmecommie 8 lesen. 1730 || 1270 


| 


Table VI shows that higher resistances are developed ih 

jated than in untreated ties. The average increase due to treat- 
int for a 1-8 inch pull was 330 pounds; for a 1-4 inch pull, exclud- 
sthe seemingly unreasonable increase in beech, 685 pounds; and 
the maximum resistance 747 pounds. 
Considerable reliance is placed upon the conclusions drawn 
mm Table VI, inasmuch as the methods of making the tests 
me exactly the same for the treated and untreated ties, and 
ce the same number of spikes, fifty-seven, was used in both 
“es, and also since the preserved ties were treated by different 
s6esses and at different plants. 

The increased resistance due to treatment has two causes: (1) 
e presence of the preservative in the cells, thus reducing the 
«ee into which the fibers can crowd as the spike is withdrawn; 
1 2) The hardening of the fibers by the steaming, preparatory 
treatment, which renders them less pliable. 
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The movement which took place among the fibers near the 
surface of the tie is interesting. In the untreated ties there was 
a crumpling of the fibers close to the spike, while the fibers i 
the treated ties were torn out in deep slivers extending from the 
spike to the blocks which supported the tie. 


D_ Effect of the Preservatives on the Holding Power 


Three distinct kinds of preserving solutions were used in the 
ties tested,—creosote, zine-creosote and zinc-tannin. 
Table VII has been compiled from Table III to study th 
effect produced by the treating solution upon the holding powei 


of the tie. s 
Table VII does not show any marked difference between thi 


resistances in ties treated with the different preservative solu 


treated with zinc-creosote, but the maximum resistance is lowe 
If any rating were made in order of efficiency, it would appea 
about as follows: (1) creosote, (2) zinc-creosote, and (38) zinc-tan 
nin. However, there are too many uncertain quantities involve 
to make such a rating reliable; and morever, the effect of 
treating solution upon the holding power is only one of the man} 
elements which must be considered when choosing between th 
different treating solutions. 


LE Relation between the Cross Section of the Spike and the 
Holding Power 


The question to be answered here is, which size of spike vi 
develop the highest holding power. To answer this questior 
Table VIII showing the relation between the cross section a 
the holding power has been compiled from Table III. x 

From a study of the results of Table VIII it will be noti 
that no general rating can be made for the various sized spikes | 
order of the resistances developed, since the spike which develop 
the lowest holding power for the 1-8-inch or the 1-4-inch pull seldol 
develops the highest maximum resistance. For example, in whit 
oak, the 19-32-inch spike developed the highest resistance for 6h 
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TABLE VII 


_ EFFECT OF DIFFERENT PRESERVATIVES ON THE H OLDING POWER 


Resistance in 
Pounds for 
cand of ee ; a Pull of Maximum 
Tie Tie No. Preservative | Resistance, 
Pounds 


1-8 inch 
1-4 inch 


Comparison of Zine-Tannin and Creosote 


jter Oak | 4, 5, 25, 26, 29 | Zinc-Tannin 2380 5010 6260 
34 Creosote 3020 6270 7310 
§ Oak 6, 9, 22, 28, 30 | Zinc-Tannin 3170 5470 6580 
4] Creosote 3120 5800 6920 


Comparison of Zinc-Creosote and Creosote 


l Oak hee Zinc-Creosote 2350 4940 8500 
41 Creosote 3120 5800 6920 
10 Zinc-Creosote 2520 5870 7690 
37 Creosote 2600 6350 7210 


Comparison of Zinc-Tannin and Zine-Creosote 


2 Oak (Oy Te eh, Oh, 2B Zine-Creosote 2350 4940 8500 
20, 30) Zine-Tannin 3170 5470 6580 
wk Oak 16, 18 Zinc-Creosote 2850) 5620 7040 
23, 24, 21 Zine-Tannin 2830 5620 1550 


inch pull, but the 9-16-inch spike developed the highest resis- 
ice for the 1-4-inch pull, and also the highest maximum resis- 
‘ce. In black oak the highest resistance for the 1-8-inch pull 
3 developed by the 9-16 spike, but that for the 1-4-inch pull was 
veloped by the 19-82-inch size and the maximum resistance by 
»5-8-inch spike. Averaging all of the resistances for the 1-8-inch 
1, the 1-4-inch pulland the maximum resistance collectively, we 
» that the average holding power ofthe 9-16-inch spike is 4990 
ands, for the 19-32-inch spike 5420 pounds and for the 5-8-inch 
‘5290 pounds. Because of the large number of spikes tested, 
"eaty-two 9-16-inch, thirty-six 19-32-inch, and one hundred and 
» 5-8-inch, and the irregularity of the results, it was decided that 
eonclusions could be drawn from Table VIII as to the relative 
id ng power of the different sizes of spikes. However, the thick- 
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TABLE VIII 


RELATION BETWEEN THE CROSS SECTION OF THE SPIKE AND ITS HO 
ING POWER 


Ps Resistance to With- 
w g drawal, Pounds 
nm isd = a = — = 
Kind = || Conditin | #2 | 3 2 22 
of Tie ele of Tie a5 m4 A 3 = 
= a 5 g sh 
hao os 3g 
AL || 4 Be si ples 
White Oak Y, 9 Seasoned 9-16 3110 6280 8760 
2] 6 19-32 | 3750 | 5380 7620 
9 |) 205) 5-8 3650 6030 7620 
Black Oak 4) 15 Treated 9-16 2910 5340 6530 
2 6 19-32 2650 6130 will 0 
4 | 18 5-8 2550 5710 7240 
Water Oak 5 | 15 Treated 9-16 | 2960 | 5560 6670 
6 1.18 19-32 2970 5310 6010 
Dat Lo 5-8 2650 5360 6730 
Red Oak Taleo Treated 9-16 2300 4760 7650 
9 | 36 58 3260 5990 6780 
Beech i} 8 Seasoned 9-16 1880 3900 9410 
1 3 19-32 2550 5400 7660 
if 3 5-8 2290 5070 7900 
u 3 Treated 9-16 2480 5490 94 10 
1 3 19-32 3530 6990 8250 
1 3 5-8 2850 6090 9040 
Sweet Gum ib, @ Treated 9-16 2190 3770 4610 
I a 5-8 3490 4450 _ 5460 


ness of the spikes varied by only 1-16 of an inch or about 109) 


cent, and their areas by only 0.075 of a square inch or about 20 pe 
cent. 


spike and the holding power, a series of experiments was mad 
with plain square rods with the results shownin Table IX. Hae 
result is the mean of fifteen tests in a single kind of timber. 
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TABLE IX 


EXPERIMENTS WITH PLAIN SQUARE RODS IN BEECH TIMBER 


Increase for each Increment 


=| 
Ar o 5 Q yy Davee) 7 
rea, | Sa Area Resistance 
sq. in. | Sosa | 
OSS square per per 
i eS ae = © : er 
<i = || inches cent pounds | cent 


Successive increments in the size of the rod = 1-8 inch 


inch square 0.250 6280 qh tenes 2 eee a 
inch square 0.391 6970 0.141 53 690 11 
inch square 0.562 9070 ila 44 2600 37 
inch square 0.765 9380 0.208 oo) 310 3 


Successive increments in the size of the rod = 1-16 inch 


6 inch square 0.250 6280 aril creevens area | Die ye 
\6 inch square 0.316 6450 0.066 25 170 3 
6 inch square 0.391 6970 0.075 23 520 8 


It will be seen from the results in Table IX that there is an 
egular increase in the holding power as the size of the rod is in- 
ased. Notice that with increments of 1-8-inch, the successive 
wements in the resistance are at first large, but with the last 
. this increment suddenly falls to practically nothing. This 
‘pin the increment is principally due to the tendency of the 
2e rod to split the tie. The results with 1-16-inch increments 
not differ materially from those in the first part of the table. 

The deduction for Table IX is that the holding power will be 
weased as the size of the rod is increased, but that it is not ex- 
tient to use rods (or spikes) larger than 8-4 of an inch unless 
es are bored for them. 


F Relation between the Depth of Penetration and Holding 
Power 

A series of experiments was made to determine the relation 

een the depth of penetration and the holding power. The 

uits are given in Table X. 
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TABLE X 


HOLDING POWER IN A WHITE OAK TIE WITH VARYING DEPTHS OF 


PENETRATION 
Resistance, Pounds 

Depth 

of Test Number 

Penetration —_———| Avena 
1 2 3 4 5 

TeWA Ti) 150 150 140 160 170 150 
1 in 480 500 510 490 500 
11-2 in 1440 1000 1760 1320 950 1 
lia 2250 2250 2050 2900 2760 2450 
2 1-2in 3430 3840 3050 2940 3570 3360 
Sain 3710 3800 4200 4220 4810 4210 
3 1-2in 4760 5980 4210 4500 5860 5060 
4 in 5950 7190 6310 5850 6080 627( 
4 1-2in 7510 7510 7720 7340. 7520 
5) in 8380 9070 8540 7790 7900 8 


The spikes had a taper point approximately 1 inch longs 
Plate IV shows that the holding power varies directly with th 
penetration, not counting the taper point. It is impracticable 
use a Spike longer than 5 1-2 inches in a 6-inch tie, since a long 
spike would either pass entirely through the tie or sliver it: 
the under side. In either case the fiber adjacent to the spi 
would quickly decay owing to the access of water. In a thicker 
however, a longer spike could be used advantageously. The me 
precaution is to keep the spike from damaging the under surfa 
of the tie, otherwise the longer the spike the greater the 
ing power. 
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G Effect of the Point of the Spike on the Holding Power 


L/tv7t - Folrited Chi 8 €/- Fultiéegd Beve/-forited 
She. Spike. Spite. 


Fie. 1 Forms or POINTS OF SPIKES 


The average results obtained with spikes having these type 
of points have been compiled from Table III, and are show nj 
Table XI. The average and relative resistances of each type 
spike for all timbers are shown at the foot of the table. Th 
averages show that both the blunt-pointed and the bevel-poi 
spike are higher in holding power than the chisel-pointed spi 
Since the average resistances of the blunt and the bevel-poin 
spikes are practically the same, and since the blunt-pointed sp 
develops the highest resistance for the 1-8-inch and the 1-4-inch } 
the greatest number of times, the blunt-pointed spike is first 
point of efficiency, although the bevel-pointed spike is a clo: 
competitor under all conditions. The chisel-pointed spike is ] 

The two upper figures of Plate V are the two halves of a r¢ 
oak tie showing the position of the fibers adjacent to the “om 
and the lower figure is a portion of the other end of the same 
split after the spikes had been pulled out. The photograph w 
taken immediately after the tie had been split. The figures are t 
small to show details clearly, but an examination of the tie show 
that the blunt-pointed spike disturbed more fiber than either t 
chisel or the bevel-pointed spikes, the last two disturbing abo 
the same amount. The examination also showed that the blu 
pointed spike tore rather than cut the fibers, and deposited the 
in unequal bundles along its faces, while the chisel-pointed spi 
cut the fibers and deposited them quite uniformly both across a 


EFFECT OF SPIKES IN DISPLACING THE FIBERS OF THE TIE 


we 


WEBBER—HOLDING POWER OF RAILROAD SPIKES BS 


ACB a Sol 
EFFECT OF THE FORM OF THE POINT OF THE SPIKE ON THE HOLDING 
POWER 
e Resistance in Pounds for 
< Maximum 
o; 3 | Resistance 
Kind Rl Type Of : : 
af Tie a Point 1-8in. Pull 1-4 in. Pull 
(o) = 
} 5 | Rela-)) Rela-lip Rela- 
o shh aie hive | hae Pounds five 
j u | 
ater Oak | 33 Chisel 2780 100 || 5520 100 || 6540 100 
Aas Bevel 3050 110 0440 98 68380 97 
ack Oak 9 Blunt 3020 106 6890 121 |} 8280 119 
18 Chisel 2850 100 5690 100 69380 100 
1 Bevel 2680 91 5960 98 | 6800 98 
d Oak 18 Blunt 2220 17 4400 82 |! 5760 76 
21 Chisel | 2880 100 || 5350 100 || 7630 100 
Pal Bevel 3100 107 dO80 lod 7370 97 
hiteOak | 10|/ Blunt 4080 | 117 || 7040 | 135 || 8760 | 123 
Ibe Chisel 3490 100 5190 100 7090 100 
6 Bevel 2990 86 || 5610 108 || 8010 | 118 
m 21! Chisel 2150 | 100 || 5240 | 100 |} 7710 | 100 
21 Bevel | 2500 116 5740 109 7050 92 
ech 6| Blunt 2180 85 || 4670 84 || 9250 | 109 
6 Chisel | 2570 100 |} 5580 100 8470 100 
6 Bevel 3040 118 || 6190 111 || 7900 ; 93 
estnut 3} Blunt | 2850 114 || 4950 162 || 5690 | 127 
3 Chisel 2490 100 3060 100 || 4470 100 
6 | Bevel | 3320 | 183 || 4130 | 185 || 5310 | 119 
lolly a) Blunt || 2860 4 || 3650 | 118 || 4020 97 
Pine 6 Chisel |, 3420 | 100 || 3390 100 4120 | 100 
9 Bevel 2800 82 5010 148 | 5520 134 
erage Blunt 2870 101 || 5340 112) 6960 105 
for all | mn 
Chisel | 2840 100 4810 100 | 6610 100 
mbers Bevel | 92930 | 103 || 5490 | 114 |) 6800 | 103 


front of each face. The bevel-pointed spike forced a majority 
the fibers to the front face and toward the corners. ‘The rela- 
ely high holding power of both the blunt and the bevel-pointed 
‘zes is due to this unequal concentration of the fibers. 


Pee iu As 3: 
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H Effect of Bored Holes on the Holding Power 


A series of tests was made to study the effect of boring hole 
for the spike. The first step was to determine the proper Size 0 
the hole. Rae: ee shows the summary ofa series of tests ma ¢ 


between the eine power and the “drift”. 


TABLE XII 


Size of Holding Power, Pounds © 
J 3 : Drift 3 
Siz -Bol Hole, Ah at y i: ; 

Size of Drift-Bolt ae inches eanen Per incl 
depth depth — 

1 inch square 16-16 Beis 3972 662 

1 inch square 15-16 1-16 4260 710 

1 inch square 14-16 1-8 4660 177 

1 inch square 13-16 3-16 4050 675 


This table shows that with 1-inch square drift-bolts a drift 
1-8 of an inch gives a maximum holding power, but that a drift 
1-16 of an inch gives nearly as much resistance. It is not kno 
that this relation holds with bolts less than 1-inch square, but tk 
author assumed that this was sufficient reason for using a drift « 
1-16 and 1-8 of an inch in this investigation, which conclusion | 
in accord with the usual railroad practice. 

The second step was to determine the resistance to the diffe 
ent sized spikes in different kinds of ties. The detailed resul 
for these experiments are given in Table XIII. Notice that tk 
results are arranged according to the drift. The average resul 
from Table XIII are shown in Table XIV along with the resul 
from Table III for the same spike driven in the ordinary way. 

The average resistances for all timbers, recorded at the fo 
of Table XIV, show that for a pull of 1-4 of an inch or less the spil 
driven into a bored hole develops higher holding power than ot 
driven in the ordinary way. For a 1-4-inch pull or less the rel 
tive resistances show a marked increase in a majority of case 
but the maximum resistance for spikes driven into bored holes 
usually the lowest. 


* Technograph No. 5, 1891, University of Illinois 
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TABLE XIII 
HOLDING POWER OF ORDINARY SPIKES IN BORED HOLES 


és Resistance in Pounds Maximum 
° for Pull of Resistance 
os fm é . 
indof | = ‘So | | 3 
Tie iy x im Ee = 
: 3 FS is 
Pee. te = |ibee lee | Stee | 2 
Pees a ies ek Le he 
n a) = 4 = 4 oe Ay 
Hole 1-16 in. Smaller than Spike 
iter Oak! 9-16 IE 2330 3860 3660 | 3180 || 5740 5-16 
2050 3860 3970 3320 0730 3-8 
2020 6470 4740 4010 || 6750 5-16 
1660 4450 4090 3890 || 6460 5-16 
2500 6400 4120 3600 || 6400 1-4 
3250 3750 3440 3120 j 4940 3-16 
2390 4890 3930 3080 6740 5-16 
AY. 2310 4810 3990 3410 6110 
ek Oak 9-16 1-2 3460 6770 3010) | 2850 7190 5-16 
3000 7120 3810 | 3360 8190 5-16 
4590 6810 38550 | = 3350 6810 1-4 
2670 6350 3850 3560, 6350 1-4 
2910 6710 3390 2970 6710 1-4 
2260 6720 3810 3270 8630 1-2 
AV. 3150 6750 7310 3660 3230 
1 Oak 9-16 1-2 3970 6550 3500 3140 6830 5-16 
3920 6930 3250 3720 {| 69380 1-4 
2180 5920 4590 3900 || 6990 5-16 
2830 6900 3770 3320 || 6900 1-4 
2660 4310 3440 2I20) 1) “53820 5-16 
2870 5710 4090 3410 || 95710 1-4 
2900 6100 3380 3100 6100 1-4 
3950 6680 4690 4040 6680 1-4 
2700 7430 | 3410 | 3420 7480 1-4 
2680 7410 3950 3420 7410 1-4 
AY. 3070 6390 3810 3420 6640 
5-8 9-16 | 3000 5380 Eo Olle ae || 65380 1-4 
3300 5010 SEXO allio ec creel 5010 1-4 
31380 6240 8540 3510 || 6240 1-4 
2710 6530 4070 3600 7040 5-16 
2600 5460 5160 4170 6990 5-16 
2850 5810 4860 4400 SSO0Om) perennials 
3130 6800 6980 4950 9420 5-16 
AY. 2950 5890 4390 4140 6960 
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TABLE XIII—Continued 


o Resistance in Pounds Maximu x 
©) for Pull of Resistane 
ar an 
ad tH 
Kindof | 2 | © | 
aie ark ie geen es 4 S 2 
° B B= 5 = q | [=| S 
oO ‘< 8 oO lanl — — — 3 
Na pS io) H NX au fo) 
an | aa | & x ee a 
Ash 9-16 1-2 4080 7210 4720 3300 8180 
2510 6540 3360 3180 8380 
1980 4850 4380 4050 8830 
2850 5840 3220 2290 6180 
2530 5760 3510 2730 5760 
HAG. 2790 6040 3840 3090 7460 
5-8 9-16 3920 4700 3860 3280 6460 
2840 6300 4070 3600 6480 
| 1660 | 5100 | 5300 | 4370 || 8510 
2100 6340 5150 4540 8760 
Ay. | 2630 | 5610 | 4590 | 3950 || 7550 
Beech 9-16 1-2 2960 6820 3820 3790 7100 


2910 5710 4010 3050 7270 
2890 0610 3240 2850 5610 
2830 2900 2800 2690 6000 
3360 5450 2940, 2620 0450 
3360 6610 3680 3210 6610 
3770 6780 3470 2890. 8200 
2870 6930 4740 4360 6930 
3540 5110 | 5060 4010 7640 


AV We e100 gle nO 3750 3330 6750 


Sweet Gum| 9-16 | 1-2 | 2850 | 5840 | 3220 | 2290 || 6180 

| 2530 | 5760 | 3510 | 2730 || 5760 
2250 | 6210 | 4640 | 3570 || 7170 
2630 | 3940 | 3350 | 2870 || 4940 
2790 | 5220 | 4220 | 3680 || 6010 
2610 | 6300 | 3900 | 3370 || 6300 


AY. 2610 5000 3810 3080 6060 


5-8 9-16 | 3030 3080 2740 2320 4370 
2620 5760 3560 2940 5760 
2850 3840 3290 2730 5900 


AY. 2830 4230 3200 2660 5210 
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TABLE XIII—Ooncluded 


o Resistance in Pounds Maximum 
S for Pull of Resistance 
S a 
lind of | ‘x es g 
: » a G 
wo | OS I 3 3 © is 5 
B Se | = = S = > 
Cue = S) onl — onl lanl =| eae 
SE mS <2) a ox) + ° s 
nN QA a = 4 * 4 oF 


Hole 1-8 in. Smaller than Spike 


Oak 5-8 1-2 1800 5710 5000 4190 7270 5-16 

. 2340 6860 4490 3950 6860 1-4 
2630 5850 4010 3440 5850 1-4 
3170 4410 2570 2100 4410 1-4 
4070 8000 2600 2190 4410 3-16 
4720 4220 2590 2500 6030 3-16 


AY. 3270 5010 8540 3060 5800 


9-16 7-16 1340 4560 3530 3620 7080 
2540 5620 4720 4100 6920 
4000 4720 | 8000 2640 6000 
3560 7280 3800 3360 7280 
3580 5270 3800 3250 6940 
| 3240 6900 4020 3810 7830 
2510 6150 |, 3710 3630 6150 
2290 4620 5410 4150 7950 


o> S> 


TOUT ore rw ow 
1 7 
S> o> 


(or) 


2790 6380 4630 3420 8230 -16 

i 1900 3790 5010 4360 7660 6 
Av. 2180 5530 4160 3630 7200 

Jeb Gum] 5-8 ee 2400 2710 2320 3980 3-16 


9850 | 3180 | 2920 | 2540 || 4750 | 3-16 
2950 | 3700 | 3300 | 2240 || 5200 | 3-16 


AY. 2730 3430 2980 2370 4640 
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TABLE XIV 


AVERAGE RESISTANCE OF SPIKES WITH AND WITHOUT BORED HOLE 


Z Resistance in Relative 
etl Pounds for Resistanet 
Fs ORD —— 
cy lee) S © me = 
Kind of res = a o les 
Tie Bla) & &i|a | ssi a)e 
B/S]... |4¢) see 
ro) fo) ° Se =H 
S712) 7s i ee Se 
z 
Drift 1-16 of an inch 
Water Oak 9-16| 7 | Hole 2310 | 4810 | 6110 || 78 | 85 | 
15 | No Hole | 2960 | 5660 | 6670 || 100 | 100 | I 
Black Oak 9-16; 6 | Hole 3300 | 6750 | 7310 |} 110 | 122 | i 
15 | No Hole | 2970 | 5320 | 6490 || 100 | 100 1¢ 
Red Oak 9-16| 10 | Hole 3070 | 6390 | 6640 || 111 | 112 | 
36 | No Hole | 3260 | 5450 | 6820 || 100 | 100 | 
5-8 7 | Hole 2950 | 5890 | 6960 || 127 | 123 | 
21 | No Hole | 2310 | 4760 | 7660 || 100 | 100 | XK 
Beech 9-16| 9 | Hole 3150 | 5770 | 6760 || 145 | 123 | 
9 | No Hole |} 2180 | 4700 | 9410 || 100 | 100 | KX 
Ash 9-16] 5 | Hole 2790 | 6040 | 7460 67 | 130 i 
6 | No Hole | 4150 | 4630 | 6810 || 100 | 100 | I 
Sweet Gum 9-16| 6 | Hole 2610 | 5550 | 6060 || 119 | 149 1 
6 | No Hole} 2190 | 3730 | 4610 || 100 | 100 | XK 
5-8 4 | Hole 2830 | 4230 | 5210 82 | 95 |i 
9 | No Hole | 3460 | 4450 | 5460 || 100 | 100 | I 
Ay. for allBimibersi@.5 alae elole 2930 | 5680 | 6570 || 102. ji 
oes ....| No Hole | 2880 | 4840 | 6740 || 100 | 100 | I 
Drift 1-8 of an inch 4 
Red Oak 5-8 6 | Hole 3270 | 5010 | 5800 || 141 | 105 | — 
21 | No Hole | 2310 | 4760 | 7660 || 100 | 100 | J 
Beech 9-16 |. 10 | Hole 2780 | 5530 | 7200 || 122 | 118 |e 
9 | No Hole | 2180 | 4700 | 9410 |} 100 | 100 | J 
Sweet Gum 5-8 | 3 | Hole 2730 | 34 30} 4640 79 | 77 i 
9 | No Hole | 3460 | 4450 | 5460 || 100 | 100 | J 
Av. for all Timbers].....|....| Hole 2930 | 4660 6550 1 100 
eee a ....| No Hole | 2650 | 4640 | 7510 || 100 | 100 
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As far as conclusions can be drawn from these experiments, 
© spike driven into a bored holeis superior to one driven in the 
dinary way. 


I Effect upon the Holding Power of Re-driving the Spike 


In practice, when the spike is pulled out of the tie a moderate 
stance, itisdriven back, provided the hole is not greatly en- 
wged. Ifthe hole is much enlarged the spike is driven at an- 
her point. This constant re-spiking rapidly ruins the tie. A ser- 
s of tests was made to determine the effect upon the holding 
ower of re-driving the spike. The average maximum holding 
wer of the re-driven spikes is shown in Table XV along with the 
jiginal maximum holding power of the same spike. 

It will be seen that the holding power of the re-driven spike is 
sry much less than that of the newly-driven spike. The resist- 
ice is affected so much in some woods as to make the practice of 


TABLE XV 


RELATIVE HOLDING PowER OF NEWLY-DRIVEN AND RE-DRIVEN SPIKES 


Average Maximum Re- 
a a sistance, Pounds | 
Kind of ae ; Per cent of 
i O65 Original 
a A a Original rie Re- e 
riving 

Ash 6 8640 6490 | 15 
Water Oak 6 8020 5760 72 
Red Oak 6 8030 5230 65 
Elm 6 7910 4840 61 
Poplar 6 4920 3980 81 
Sweet Gum 6 5040 4150 82 


e-driving the spike a questionable procedure if the holding power 
one is considered; but as the practice of re-driving the spike 
alps to lengthen the life of the tie, the practice can not be justly 
ondemned so long as the holding power is not excessively re- 
uced. 


ep,2 Honpinc PowERr oF SCREW SPIKES WiTHOUT LININGS 

A series of tests was made to determine the holding power 
* serew spikes. The tests were conducted in the same manner 
3 “hose with the ordinary spikes. 
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The screw spikes were received from the following compan 
No. 1 from the Illinois Central Railroad Company; No. 
from the American Iron and Steel Manufacturing Company, Scran- 


ies: 


vania Railroad Company. 
A description of the different spikes is given in Table XV 


TABLE XVI 


DESCRIPTION OF SCREW SPIKES 


Z, Diameter | Projection Depth of Diametel 
D ee a of Core, | of Thread, ie Insertion, oC 
Soave inches inches ge inches a 
Q, inche 
M 

1 5 21-32 3-16 1-2 4 1-2 11-16 
2, iS 11-16 1-8 1-2 4 1-2 11-16 
3 5 1-4 11-16 1-8 1-2 4 3-4 11-16 
4 5 1-2 11-16 1-8 1-2 5 11-16 
5 5 21-32 3-16 1-2 4 1-2 11-16 


The shank or threaded portion of the spike was usually 7-8 01 
an inch in diameter, and approximately one inch of the upper por- 
tion of the core tapered from the diameter of the core to that of 
the shank. The hole bored for the spike was not reamed, and 
the result was a tight fit between the wood and the spike. Thi 
tight contact is gained in practice by the head of the spike bea 


ing against the base of the rail. 


ries of tests as with the ordinary spikes. 


termine: 


The spike was driven by meal 
of a wrench, the thread cutting its own path. 


screw spikes obtainable was not sufficient to make as long a se 


A study of the results with this spike has been made to de 

(A) Relation between the depth of penetration and th 
holding power; 
screw and of the ordinary spikes; and 


details of the screw spike upon its holding power. 


The detailed results of the tests with screw spikes are given 
in Table XVII, and the average results are shown in Plates IJ 


and III. 


The number 


(B) Relation between the holding power of the 
(C) Influence of certain 
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TABLE, XVII 
DETAILED RECORD OF TESTS witH SCREW SPIKES 


. Resistance in Pounds for | Maximum 
oo eles a Pull of Resistance 
. ae eh 
Kind Bla! & | 
of Tie 2 ee age = S| 4 ieee 
Seal, Ws |e Bil lose to (cae 
” CA St ||) 260 aa nN =H im 5 |2ese 
alii | eh Ba eodhtnicts lamest cs ea 
m Ash /2) 2) 1 | 7350 | 10900 | 11650 | 6270 | 3370 | 13360 | 7-16 
2 | 5080 | 9930 | 13470 | 6010 | 3190 | 13470 | 1-2 
3 | 7520; 11650 | 12300 | 6220 | 3030 | 12300 | 1-2 
| | | | — 5 | | 
Av.| 6650 | 10830 | 12470 | 6160 | 3190 | 13040 | 12 
1) 4) 1 / 3320 | 7480 | 10840 | 6520 | 5000 | 10840 | 1-2 
| 2) 3740 | 7570 | 9410 | 5940 | 4560 | 9410 | 1-2 
| 3 | 4350 | 9200 | 6800 | 4870 | 3260 | 9700 | 3-8 
| |Av. 3800 | 8080 | 9010 | 5780) 3940) 9980 | 1-2 
reet Gum | 3|2/ 1/ 3810; 4940 | 4870 | 2420 Poll 5980 | 17-16 
| 2 | 5790 | 7100 | 4900 | 3280 | 3770] 7100 | 1-4 
| 3] 4270 | 6030 | 4620 | 2820 | 3450| 6590 | 3-8 
| jAv.) 4620 | 6060 | 4790 | 2840 | 3040 | 6560 3-8 
| | | 
3/4] 1] 5920] 9000 | 6000 |.4000 | 2900| 9720 | 7-16 
2 | 4550 | 7400 5600 | 3410 | 23800 | 8100 3-8 
| 3] 4780] 7120 | 5090 | 3290 | 1800} 7870 | 3-8 
| -| : = 
| jAv.) 5080 | 7840 | 5560 .| 3560 | 2330 | 8560 | 3-8 
ater Oak 34/3 1 | 4820) 10230 | 14530 | 9630) 4600 | 14530 1-2 
| | | 2] 4670] 9170 | 12140 |10000 | 6260 | 12640 5-8 
3} 4680 | 7030 | 14360 | 9660 | 4490 | 14360 | 1-2 


13840 | 7-16 


| |Av.| 4720 | 8810 | 13680 9800 | 5100 


26/2] 1| 4110] 8010] 7190 | 3490 | 2150 | 9620 7-16 
2 | 3670 | 7420 | 7850 | 3970 | 2790 | 8900 | 3-8 
| 3 | 5270 | 7790 | 5190 | 3540 | 2600 | 8060 | 7-16 
| |Av.| 4350 | 8290 | 6740 | 3660 | 2510 | 8860 4-16 

| | | 
ack Oak |16| 3] 1 | 5520 | 12370 | 16930 /|10720 | 6200 | 16930 | 1-2 
| | | 21-4860 | 11410 | 13100 | 7390 | 4050 | 14350 | 7-16 
3 4260 | 9870 | 9760 7690 | 3970 | 12160 3-8 
| |Av.] 4880 | 11220 | 13260 | 8600 | 4740 | 14480 | 7-16 

| | | 

23/2 1 5850 10290 | 9460 | 6600 4200 | 12500 | 3-8 
| | 2 | 4910 | 10780 | 8590 | 6000 | 2500 | 12570 | 5-8 
3 | 1090 | 6370 | 10400 | 7100 | 6000 | 10400 ee 
| |Av.| 3950 | 9150 | 9380 | 6560 | 4230 | 11820 | 5-8 
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TABLE XVII—Continued 


STATION 


Kind 
of Tie 


No. of Tie 


No. of Spike 
No. of Test 


Red Oak 


Beech 


White Oak 


Elm 


We) 


36 


14 


31 


10 


nS 


wer 


Resistance in Pounds for Maximu a 
a Pull of e@ 
= is = iS iS 
& a = & S 
90 + a + | 3 
mr re re ighre) re 
2720.| 7810 | 12720 | 7970 | 3710 | 12720 
6390 | 11440 | 11590 | 7050 | 3600 | 12770 
4240 | 9770 | 11130 } 9160 | 4970 | 11790 
4450 | 9670 | 11810 | 8060 | 4130 | 12430 
3940 | 9780 | 12780 | 9560 | 4880 | 13590 
7890 | 13860 | 14430 | 7990 | 4530 | 15200 
4220 | 9780 | 14800 [12350 | 6500 | 14800 
5350 | 11140 | 12670 | 9960 | 6300 | 14860 
2610 | 8400 | 8320 | 4170 14560 
8320 | 12370 | 10820 | 6130 13180 
5190 | 11880 | 11270 | 6880 14310 
5040 | 10850 | 10140 | 5730 14020 
6330 | 11980 | 10240 | 4480 | 3230 | 14550. 
6130 | 12980 | 17360 | 9930 | 3900 | 17360 
8240 | 15620 | 14700 | 8900 | 5890 | 16450 
6900 | 13530 | 14000 | 7770 | 4340 | 16120 
3010 | 9340 | 8180 | 6390 | 4530 | 11630 
7950 | 12490 | 9390 | 5350 | 2880 | 13200 
8210 | 12080 | 7560 | 4950 | 3290 | 12740 
6390 | 11300 | 8380 | 5230 | 3570 | 12520 
5000 | 8290 | 5450 | 2960 8290 
4600 | 8030 | 6600 | 3340 8700 
5880 | 9370 ve aia 10530 
5160 | 8560 | 5530 | 3150 9150 
6420 | 11300 | 16450 | 9590 | 4360 | 16450 
8590 | 14190 | 11370 | 5490 | 3190 | 15580 
4420 | 13000 [Broke | .... | .... | 13000 
6480 | 12830 | 13910 | 7040 | 3780 | 15010 _ 
4310 | 8290 | 14190 | 6340 | 2780 | 14190 
5040 | 10920 | 13200 | 7950 | 3100 | 14400 
4200 | 9130 | 13230 | 7350 | 3460 | 13230 
| 4520 | 9450 | 13540 | 7210 | 3110 | 13940 
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TABLE XVII—Concluded 


Resistance in Pounds for Maximum 
ee a Pull of Resistance 
) = Q 
feeindiof | |) 2| 2 
Tie 5 C7 Gan ie ce is ie a oS an 
S sus 2 g Q 2 < oS 200 
= & = s 5 = soc 
kok kc ee Any a at = S Ze ez 
rade a a 2 > an ae (ats 
nella! ik 6090 11560 9920 | 4400 | 2420 11560 1-4 
2 | 5220 | 10400 11440 | 6450 | 3200 12740 7-16 
3 | 4570 | 9890 12400 | 7990 | 4000 | 14390 7-16 
Av.| 5290 | 10280 11250 | 6260 | 3200 12890 7-16 
UPA) at 1 | 6830 | 11280 10080 | 5280 | 2340 12840 3-8 
eon) 8650 9570 | 6350 | 3450 | 11610 7-16 
3 | 3700 7840 12480 | 7110 | 3360 12480 1-2 
Av.| 4570 9260 10680 | 6250 | 3050 12310 7-16 
plar iL RA 1 4130) 7980 8000 4790 | 3300 10120 -16 
2 | 2960 6200 8910 4820 | 2130 | 9610 -16 
3 | 4760 | T970 101380 | 7210 | 4480 | 10130 Y 
Av.| 3950 | 7380 | 9010 | 5610 | 3270} 9960] 7-16 
10 el 3450 6300 9340 5250 | 2940 9340 - 


1 
2 | 3300 | 6550 8490 | 3860 | 1620 8490 
3 | 2640 | 5260 8060 | 2710 | 1520 8060 


Rw Hi! im rein eld) lem cic 
bo bo bo 


Av.| 3130 | 6040 | 8290 | 3940 | 2030} 8290 | 1-2 
hestnut |40/ 4] 1 5200] 6950 | 6400 | 3340]..../ 7610] 3-8 
Dale2T50: |) 6210 8250 | 8800 |<... | 8250 = 
3 | 3240] 6260 | 6160 | 4580] .... | 7290] 5-16 
rags ES : zoe 
Av.| 3730 | 6480 | 6940 | 3910] .... | 7720,] 3-8 
40/1} 1/3070] 5460 | 5680 | 3570 | 1930} 7010 | 1-16 
2 | 3960 | 3270 | 5310 | 2820 | 1140 | 6470] 7-16 
3 | 3940 | 5630 | 5580 | 2510 | 1400 | 6300 | 7-16 
Av.| 3660 | 5450 | 5520 | 2960 | 1490| 6590 | 7-16 
»blolly 20] 1] 1 | 5260} 7610 | 5510 | 2670 | 1460; 9340, 3-8 
Pine: 2 | 3840 | 6270 | 6210 | 3630 | 2120) 7550 | 17-16 
3 | 4830 | 7780 | 7360 | 3060 | 2300] 8190] 3-8 
Av.| 4640 | 7270 | 6390 | 3120 | 2320} 8690 | 3-8 
39} 1) 1 | 6180 | 10220 | 7590 , 4070 | 1720 | 11840] 3-8 
2 | 5350 | 8260 | 9060 | 5060 | 2460 | 11190 | 3-8 
aie oa all vnis » 8200 | 5520 | 3400 | 9850] 7-16 
Ay.| 5820 | 9240 | 8280 | 4880 | 2530 | 10630 | 3-8 
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A Relation between Depth of Penetration and the Holding Power — 


A series of tests was made to determine the relation betwe 
the depth of penetration and the holding power of the screw spike 
The experiments consisted of pulling spikes driven to depths of 
1, 2, 3, 4 and 5 inches into a beech tie, three spikes being used 
for each depth. The numerical results are shown in Table XVII, 
and their averages are shown graphically in Plate VI together with 
some additional matter which is shown for the sake of comparison. 

TABLE XVIII < 
A 


RESULTS OBTAINED FROM EXPERIMENTS ON DEPTH OF PENETRATION | 


—- - =e: = 
Resistance in Pounds for a Penetration of 
Test 2 — 
Number 
as 1 inch 2 inches 3 inches 4 inches | 5 inches 
| = 
1 | 2770 4560 9610 13100 17360 
2 2760 6000 10000 14330 17500 
3 | 2790 4940 8490 13330 16840 
| : 
Av. | 2770 5170 9360 13590 | 17230 


The results in Plate VI can be quite closely represented by 
two intersecting straight lines. The probabilities are that the 
actual resistances would be more nearly represented if the two 
straight lines were joined by a short curve near their intersection. 
Only the upper portion of the diagram is of interest, since penetra- 
tions of less than four inches should never be used, at least on 
heavy traffic railroads, the only roads likely to use screw spikes. 

The diagram shows that the resistance varies directly with 
the depth of penetration. 


B Relative Holding Power of Screw Spikes and Ordinary Spikes 


Table XIX has been prepared from Table XVII and from 
Table III, to determine the relation between the holding power of 
the screw spike and that of the ordinary spike. As previously 
stated, the ordinary spikes were driven into the tie to a uniform 
depth of 5inches, while the screw spikes, being of different lengths, 
necessarily were inserted to unequal depths. On account of 
the relation existing between the depth of penetration and the 
holding power, the resistance for the screw spikes, shown in Tale 
XIX, is based upon a penetration of 5 inches. 
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From Table XIX it will be seen that the holding power of thi 
screw spike is always greater than that of the ordinary spike, an 
that the relation between the two varies in the several timber, 
For a pull of 1-4 of an inch in the hard woods the holding power ¢ 
the screw spike is from 167 to 221 per cent of that of the ordina 
spike, and in the soft woods the range is from 117 to 258 per cen 
or the average gain in the hard woods is 76 per cent, and in fl 
soft woods 98 per cent. It is interesting to note that the resis 
ances in the several timbers for the 1-8-inch pull with the scre 
spike are in eight out of eleven instances nearly the same as, 
ereater than, the resistances for the 1-4-inch pull with the ordina 
spike. This signifies that the screw spike is about twice as & 
cient as the ordinary spike for a pull of 1-4 of an inch or less. 
curve in Plates II and IIL show graphically the relative efficieng 
of the two forms of spikes with some information to be referrec 
to later. 


C Kffect of Certain Details of the Screw Spike upon Its Holding Powe 


In countries where the screw spike is extensively used it 
been perfected in detail until it nearly fulfills the requirementa 
practice. In North America the screw spike will probably be th 
successor to the ordinary spike, and it may again be necessary 
adjust the details to suit local conditions. Therefore a few obse 
vations on the relation of some of the details of this spike t 
holding power come within the scope of this paper. The de 
to be discussed are the diameter of the core, the projection al 
pitch of the thread and the length of the thread. These detail 
being interdependent will be discussed collectively. 

The soft steel from which the screw spike is made has an ult 
mate strength of about 66,000 pounds per square inch, so that fh 
tensile strength of a spike 11-16 of aninch in diameter is appr 
mately 24,000 pounds. The ultimate compressive resistance acros 
the grain of well-seasoned white oak is about 4,000 pounds pé 
square inch, and experiments demonstrate that the thread of fl 
spike in compacting the wood fibers increases the resistance abol 
40 per cent.* Therefore, taking 5,600 pounds as the ultimate con 
pressive strength of compacted white oak, and taking 17 3-4 inehv 
and 1-8 of an inch respectively as the length and projection of tl 
. 


*Bulletin No. 50, U. S. Dept. of Agriculture. 
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AGB EH) XOX 
RELATIVE HOLDING PoWER oF THE SCREW SPIKE AND OF TEE 
ORDINARY SPIKE IN SEVERAL TIMBERS 
Resistance in Pounds | Relative 
for Resistances 
<ind of Kind of 
Ene Spike ; ; i | 
1-8-in. | 1-4-in. | Max. || 1-8-in. | 1-4-in.| Max. 
Pull Pull | Resist. Pull Pull | Resist. 
| i 
Ordinary | 2870 5730 6780 || 100 100 100 
(ber Oak Screw 4888 | 9180 | 12190 || 170 160 179 
Ordinary 2910 5890 7230 || 100 100-100 
ak Screw 4760 | 10420 | 14110 || 164 177 | 203 
1 Oak Ordinary | 2950 | 5350 | 7730 100 100 | 100 
Screw 4900 10400 | 13560 166 194 176 
| | 
Ordinary 3510 5950 7870 100 100 100 
ite Oak Screw | 6250 | 11900 | 12630 |) 178 | 200 | 188 
| | 
Ordinary 3570 5200 7730 100 100 100 
Screw 5700 =| 10470 12760 162 200 165 
Ich Ordinary 2600 5490 | 8840 100 100 100 
Screw 6450 13140 16230 248 221 238 
Ordinary 2380 5580 7500 || LV0 100 100 
Screw 5120 10090 13690 1 PA5 181 183 
Hl Ordinary 2830 5290 5670 || 100 100 | 100 
= Screw 3880 | 6910, | 27490° | 137 | Iz | 132 
t Ordinary | 2850 | 4070 | 5200 || 100 | 100 | 100 
he Screw 3690 | 6340 | 8700 129 | 155 | 167 
| 
Ordinary 3230 4120 5300 100 | 100 100 
Fecum | “screw | 5430 | 7710 | 8280 || 167 | 162 | 156 
| 
folly Ordinary 2920 3500 4300 100 | 100-100 
ine Screw 5150 9050 | 10620 || 197 | 258 -| 247 


or tical resistance. 


sad on the 5-inch spike, and making no allowance for frictional 
stance between the core of the spike and the wood, the theo- 
ical resistance would be 

5,600 x 17 8-4 inches x 1-8 inches=12,430 pounds. 
average actual resistance obtained in white oak ties as shown 
Msble XIX is 12,630 pounds which agrees closely with the 


The tensile strength of the screw spike is 
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about 12,000 pounds greater than the maximum resistance of whit 
oak, which difference is greater than necessary and indicates ai 
uneconomical use of metal in the spike. Since the ties tested ar 
representative of American practice, there is no apparent reasot 
for not having the ultimate strength of the two materials in con 
tact more nearly equal than at present, and by some slight changt 
in the detail of the spike this could readily be accomplished 
Three ways in which the ultimate strength of the materials ma 
be made more nearly equal are: (1) increase in length of thread 
portion; (2) increase in projection of thread, the length and @ 
diameter of the core remaining the same; (3) increase in proje 
tion of thread at the expense of the core, the length remainn 
the same. The pitch is assumed tc be 1-2 inch in all cases, since! 
has been found in practice that this pitch gives better result 
than either a greater or smaller pitch.” 


and the width is 1-8 of an inch; therefore, the bearing area is 
square inches. If the spike is made 6 inches long two convo) 
tions of the thread will be added, the bearing area will bee 
2.71 square inches, and the holding power will be increased f 
12,630 pounds to 15,180 pounds. This leaves a difference of ¢ 
8,900 pounds between the ultimate strength of the wood and 6 
of the spike. 

(2) If the length of the spike and the diameter of the core a 
not changed, and if the projection of the thread is increased 1+ 
of an inch, the total resistance would amount to 15,510 po 
leaving the ultimate strength of the spike only 8,500 pow 
greater than that of the wood, 

(3) If the length of the threaded portion of the spike remait 
unchanged and if the projection of the thread is increased 1 
an inch at the expense of the core, the maximum resistance W 
amount to 15,510 pounds, while the ultimate strength of the 
would be reduced to 20,200 pounds. 

The diameter of the shank of the spilke would have to be 
creased with some of the changes in the detail of the lowe 


account, we see that this change also would be beneficial. 
The conclusion is that the screw spike in its present form 


*Bulletin No. 50, U. S. Dept. of Avriculture. 
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ut twice as efficient as the ordinary spike; and that this effi- 
ncy could be increased by some slight change in the detail of 
screw spike. 


\RT. 8 HOLDING POWER OF SCREW SPIKES WITH HELICAL 
LININGS 


A few experiments were made with screw spikes having hel- 
| jinings. On account of the small number of linings obtainable 
‘ests were limited; as this lining, being a foreign invention, is 
yet used by the railroads of this country except for experi- 
ntal purposes. The tests were still further limited since the 
ngs could not be used a second time; and further since all of 
linings could not be driven successfully, as the friction be- 
en the metal and the wood sometimes caused the driver to 
sen its hold, which could not be regained even after carefully 
owing printed instructions. This accounts for the use of only 
» linings in some of the timber. The linings together with a set 
special tools for inserting them in the tie were furnished by 
Robert Trimble, Chief Engineer Maintenance of Way, 

mnsylvania Lines, (see Plate VII). 

The linings were made by Mr. J. Thiollier of Paris, France, and 
described by him as being 0.38 inch by 0.17 inch in section, 

also as being of the class which he calls P. M. or small sized 
ngs. They were 4 inches long with a 1-2-inch pitch. The total 
meter was 1 5-16 inches, the diameter inside of the spiral band 
tly over 11-16 of an inch, and the thickness and width of the 
al band 1-8 and 1-4 of an inch, respectively. The linings were 
lently designed to be used with the screw spike of the French 
tern Railway, No. 1, Table XVI, and hence they were tested 

1 this spike only. 

The method of fixing the lining in place was as follows: A hole 

ing the same diameter as the core of the spike was bored in 

tie; the hole was tapped, and the lining inserted by means of 
sial tools designed for the purpose; the spike was inserted in 
usual manner. 

The detailed results of these tests are shown in Table XX, 
te average results are shown graphically in Plates II and III. 
relative holding power of the several kinds of spikes in dif- 
né timbers is shown in Table XXI. The results of this table 
he diagrams in Plates II and III show that in hard woods 
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the resistances for a 1-8-inch pull are usually greater for the sp 
and lining than for the naked screw spike, but for pulls greate 
than 1-8 of an inch the reverse is true. In soft woods the spike a 
lining gave greater resistances than the naked screw spike excey 
in sweet gum. The lower resistance in the hard woods is accoun 
ed for by the fact that the spike begins to move before the lining 
and the fibers, being hard, are bent slightly upward so that th 


contact. Moreover, the fibers probably slip over the rounde 
edge of the lining, which tends to lower the resistance. In th 
soft woods more than in the hard woods, the fibers mash togethe 
as the spike is pulled out, consequently the bearing surfaces ¢ 
the wood and the spike have full contact and the resistance - 
greater than with the naked screw spike. 

In justice to Mr. Thiollier it is only right to say that h 
claims no more for the P. M. lining than is set forth in these e 
periments. Hesays thatthe P. M. lining will offer no more veal 
ance than a naked screw spike. The principal claims for th 
P. M. lining are that it can be placed on the track without r 
moving either the rail or the tie, and that it forms an advanta; 
eous substitute for the square wooden dowel used on some rai 
ways. z 

As a repair measure this lining is of doubtful value, for it e: 
tends only about 1-8 of an inch beyond the thread of the spike; ar 
when the spike has been pulled even a small distance the adjace1 
wood is badly damaged, so that the wood which remains after #1 
hole is tapped for the lining can offer but slight resistance. Mor 
over, it is not certain that the extreme fibers reached by the li 
ing are not somewhat affected, hence it would be better to rea 
the hole, cutting out all damaged wood and to introduce a threa 
ed hard wood dowel, or to use a lining of larger size. 

The writer claims that the use of the small lining is impra 
ticable for the following reasons: (1) It is designed to be put 
place with the tie in the track; (2) The lining cannot always | 
inserted into the wood to its full length by means of hand tool 
even with utmost precaution; (3) At best the holding power 
not increased to any marked degree over that of the naked sere 
spike; and (4) The labor involved is more than double that1 
quired to drive the naked screw spike, and the cost is increased. 


: 


i 
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TABIE XX 
RESISTANCE OF SCREW SPIKES WITH HELICAL LININGS 
Q Resistance in Pounds for Maximum 
Kind of | 9 a Pull of _ Resistance 
Tie Zi ° : | 

= - 1-8 in. | 1-4in. | 1-2in. | 3-4in. | 1in. /Pounds eee 

| i I le ; 

ib taleval 8410 | 11380 | 10150 7570 | 6480 | 12160 | 1-4 
2 5830 8670 | 9410 | 6590 | -5630 | 10500 | 3-8 

53 5670 8070 7930 4690 4200 | 8750 | 3-8 

Av.| 6640} 9370| 9160 | 6280! 5440! 10470 | 38 

reet Gum | 3| 1 6010 | 9100] 7750| 5380! 5150! 9510! 14 
2, 4830 | 6440 7650 | 6270 4380 7970 3-8 

3 4270 | 6250 8600 | 6130} 4410} 8600] 1-2 

Av.| 5030] 7260} 8000 5980 | 4650 | 8690 | 3-8 

ater Oak | 26| 1 3420 | 7100} 11080| 8290/ 8740! 11080] 1-2 
2 2970 6460 | 12080 | 9250 | 9170 | 12080 | 12 

Ay.| 3190] 6780 | 11580| 8780| 8960} 11580 | 1-2 

| | | 

hite Oak | 32| 1 5810 | 10740 | 8420] 6890| 7120 | 12900 | 3-8 
| 2| 7070 | 11020| 6650| 6170| 6340 |, 11020] 1-4 
Av 6440 | 10880 7530 6530 6750 | 11960 | 3-8 

nek Oak | 23! 1/| 5960| 11130| 9810! 8560! 7520! 12550| 38 
2 5420 9710 | 10770 8470) 7960 | 12460 | 3-8 

| Av.| 5690 | 10420 | 10290| 8510| 7740 | 12500 | 3-8 
ech 1| 10830 | 10120] 98070 7320 | 5390 | 10830 | 1-8 
2/ 9610 | 11600/ 11850} 10350] 6280 /| 13480 | 3-8 

Ay.| 9720} 10860} 9960 | 8830| 5830) 12150] 1- 

plar no ae | 3970 | 8860} 9900] 5880} 5300} 9920] 3-8 
2 4080 9470 | 10550 | 5940 | 5110] 11140] 3-8 

31 3670] 8260| 9910] 6030] 5250] 9910] 12 

Av 3910 8860, 10120 | 5950 | 3220! 10320] 3-8 

| | | Satay 

estnut 1 "020 | 9600! 8230! 6920! 6120] 9770] 3-8 
2 5750 | 7010 | 8890 | 8180] 6730] 8890| 1-2 

3 6300 | 7240) 9280] 7660) 6860) 9280] 1-2 

Av.| -6390| 7950] 8810/ 7590} 6900] 9150] 1-2 
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TABLE XXI 


RELATIVE HoLpDING POWER OF THE ORDINARY SPIKE, THE SCREW 
SPIKE, AND THE SCREW SPIKE witH HELICAL LINING 
IN SEVERAL TIMBERS 


» 


Resistance in Pounds for, Relative Resistance 
Kindof | Kindof | | 
Tie Spike 1-8-in, 1-4-in. | Max. | 1-8-in. | 1-4-in. | Max, 
Pull | Pull | Resist. |} Pull Pull | Resist 
White Oak Ordinary 3510 5950 7870 100 100 100 
Screw* 6250 11900 12630 178 200 188 
Lining 6440 1LO880 11960 183 183 152 
Water Oak Ordinary 2870 5730 6780 100 100 100 
Screw* 4880 9180 12190 170 160 179 
Lining 3190 6780 | 11580 il 118 17] 
Black Oak Ordinary 2910 5890 7230 100 100 100 
Screw* 4760 | 10420 14110 164 177 203 
Lining 5690 | 10420 | 12500 195 agin 1 
Ash Ordinary 3570 5200 7730 || 100 100 100 
Screw* 5700 | 10470 | 12760 162 200 166 
Lining 6640 9370 | 10470 186 180 1365 
Beech Ordinary 2600 5490 8840 100 100 100 
Screw* 6450 13140 | 16230 248 221 38 
Lining 9720 10860 12150 373 198 138 
Poplar Ordinary | 2830 | 5290 | 5670 || 100 100 
Screw* 3850 3210 7490 137 IAG 132 
Lining 3910 8860 | 10320 || 138 162 y 
Chestnut Ordinary 2850 4070 5200 100 100 
Screw* 3690 6340 8700 129 155 
Lining 6390 7950 9150 224 195 
Sweet Gum Ordinary 3230 4120 5300 100 100 
Screw* 5430 7710 8280 167 162 
Lining 5030 7260 8690 136 176 


* Screw spike with helical lining. 


~~ 


(he * belongs after ‘‘Lining,,"* 
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PART II RESISTANCE TO LATERAL DISPLACEMENT 


The railroad spike is subjected not only to a direct pull by 
© undulation of the rail, but also to a horizontal thrust due to 
ve lateral movement of the rail. On roads having a large amount 
curvature the lateral resistance is of more importance than that 
‘direct pull. 

To determine the amount of the resistance to lateral displace- 
ntwhich is developed by various forms of spikes the writer 
ade a series of tests in which the lateral thrust was produced by 
2 blows of a heavy hammer. The hammer consisted ofa cast- 
m. weight suspended by a wooden rod from the joists of the floor 

ve, 

The place in which the apparatus was used was such that a 

od photograph could not be taken. Plate VIII is a view of the 
aratus setup ina light suitable for photographing. All 
sential features are correctly represented. Fastened to the 
sts were metal strips upon which the knife edges of the rock- 
xy arm rested. These strips were 6 feet long, and were notched 
mg the entire upper edge to permit the placing of the rocking 
in. different positions. The length of the suspending rod was 
eet. 
j The weight of the hammer was 100 lb. and the distance 
rough which it was allowed to fall was 1 1-2 feet, so that the 
ount of the impact for.each blow was 150 ft.-lb. The hammer 
‘ivered its blow on the end of a tool-steel bar which projected 
vond the end of the tie, the other end of the bar being shaped 
fit under the head of the spike. 

The spikes used in this series of tests were 9-16 inch and 5-8 inch 
inary spikes and screw spikes. Each spike was subjected to 
» blows and the displacement produced by each blow was care- 
ymeasured. Usually four or five spikes of each kind were 
ted, but when there was much lack of uniformity in the results 
_rger number were tested. 

All of the spikes were bent to a curve, the central point of 
ci was about 1 1-2 inches below the surface of the tie. The ordi- 
y spikes were pulled from the tie a short distance, but the 
@ad of the screw spikes gripped the wood so as to prevent the 
«e from being pulled out even a perceptible amount. 
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oo: een 


ArT. 3 LATERAL RESISTANCE OF ORDINARY SPIKES 


The detailed results of the experiments with ordinary spikes 
are given in Table XXII and the average movement of the spike 
for each of the several blows is shown in Table XXIII. The aver- 
age total movement of the 5-8 inch spikes in the first seven tim- 
bers was 0.65 inch, and that of the 9-16 inch spikes was 0.75 inch. 
Tn the last four timbers the average total movement of the 5-8 inch 
spikes was 0.74 inch, and that of the 9-16 inch spikes was 0.94 
inch. 

The total deflection of the 9-16 inch spikes was usually - suffi- 
cient to allow a rail to clear the head of the spike if it were over- 
turned. The corresponding movement of the 5-8 inch spikes was 
not usually sufficient to allow alike clearance, although it was 
considerably more than would be allowed in practice. a 

The first blow is of more importance than the succeeding 
blows in testing the efficiency of a spike. While the distances 
through which the different sized spikes were deflected by the 
first blow differ but asmall amount, this difference is sufficient te 
show that the deflection is less for the 5-8 inch spikes than for the 
9-16 inch. 

These results, togetner with the fact that the 5-8 inch spikes 
were bent less by the impact than the 9-16 inch spikes, indicate 
that the 5-8 inch spike is more efficient in resisting lateral displag@ 
ment than the 9-16 inch spike. 


ART. 4 LATERAL RESISTANCE OF SCREW SPIKES 


The method of determining the lateral resistance of screy 
spikes was the same as that used for ordinary spikes. The result 
for this set of tests are given in Table XXIV. The screw spike: 
used were all practically alike except that they were of variow! 
lengths. In making the tests the spikes were used indiscriminate 
ly, but since they were not all of the same length some tests wer 
made to determine the effect of impact upon spikes which wer 
driven into the tie to different depths. The spikes used for th 
latter tests were all of the same make, and were cut to lengths 0 
8, 8 1-2, 4, 4 1-2 and5 inches, and were all driven into a single kin 
of timber. The results of these tests are shown in Table XXV 
While the results for the 4- and 4 1-2-inch spikes are the same, th 
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TABLE XXII 
DETAILED RESULTS OF IMPACT TESTS OF ORDINARY SPIKES 


Total Lateral Movement of Spikes in Inches 
; Size of 
ae of Spike, Number of Blows 
SY in. sq. 
1 2 3 4 5 
Fite Oak 9-16 0.27 0.35 0.48 0.65 0.81 
18 35 56 67 US 
10 22 aD 45 54 
30 35 .50 52 60 
21 35 60 74 93 
AV 0.21 0.32 0.49 0.61 0.70 
5-8 Maint 0.20 0.26 0.30 0.39 
15 30 41 50 57 
19 36 50 60 68 
21 36 .49 65 74 
20 34 42 50 57 
AV M107 0.31 0.42 0.51 0.59 
9-16 0.23 0.34 0.52 0.60 0.75 
20 5a .56 its 88 
14 2 {53 68 75 
20 35 48 54 65 
19 39 .63 72 78 
AY 0.19 0.37 0.54 0.65 0.76 
5-8 0.12 0225 0.36 0.48 0.55 
20 37 54 63 69 
15 25 sell 39 50 
19 28 43 51 65 
20 37 53 65 69 
AY 0.17 30 0.43 0.53 0.61 
9-16 0.25 0.40 0.56 0.70 0.75 
13 30 41 58 72 
16 32 49 58 70 
24 44 62 ial 80 
23 35 .56 65 69 
26 39 .59 67 78 
AV 0.21 0.37 0.54 0.65 0.71 
5-8 0.23 0.38 0.50 0.58 0.65 
alte 30 42 53 64 
17 35 50 61 77 
15 32 40 49 55 
11 26 aul 41 45 
22 35 50 59 65 
| 
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TABLE XXII—Continued 


Total Lateral Movement of Spikes in Inches 


os Size of 
Kind of Spike: Number of Blows 

ae in. sq. 

i 2 3 4 &S 

Red Oak 9-16 0.21 0.35 ORO 0.61 Ons 

19 30 46 57 aio 

20 Syl ot 64 aa 

Pav, 41 .49 61 12 

AV Opa 0.36 0.50 0.61 0.74 

5-8 Op? 0.21 O.3?) 0.42 0.49 

1) 24 34 43 50 

12; SS 505) 49 53 

18 42 2D 1 85 

AV 0.14 0.28 0.39 O67 0.60 

Ash 9-16 0.24 0.45 .057 0.68 0.80 

24 43 SOD 65 74 

20) 33 apy} 65 es 

20) 41 .60 2, 83 

AY e283 0.41 0.56 0.68 0.78 

5-8 0.19 (Ome ii 0.55 0.73 0.84 

19 33 .48 64 15) 

18 a3! A4 60 69 

105) 30 .39 54 63 

AV 0.18 0.33 0.47 0.63 0.73 

Elm 9-16 0.22 OR33) 0.50 ORGT 0.78 

al 30 .39 56 10 

25 Om 49 58 66 

18 30 743 54 67 

AY 0.22 0.33 0.45 0.59 0.70 

5-8 0.20 0.38 0.50 0.61 Ont 

PAL au) .48 60 yy. 

20 ati) -49 61 10 

all 3) 44 55 66 

AV Oral Onso 0.48 0.59 0.70 

Beech 9-16 0.28 0.30 0.58 One 0.87 

26 46 tae Wis) 86 

21 32 OS) 65 Te 

30 54 .63 Al 89 

19 ul SOO) 10 80 

Di 46 sOlE ne 86 

AY 0.25 0.41 0.58 Onli 0.84 
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TABLE XXII—Continued 


Total Lateral Movement of Spikes in Inches 
1 Size of 
he of Spike, Number of Blows 
in. sq. 

il 2 3 4 5 

5-8 0.15 0.23 ORS: 0.46 0.53 

13 20 .29 41 49 

16 Di 36 49 58 

12 26 283 50 57 

1122 30 seul 46 62 

14 25 oll 39 | 50 

AV 0.14 0.25 0.35 0.45 0.55 

iplar 9-16 0.27 0.41 0.59 Ontd 0.88 
22 40 54 67 14 

30) 45 60 68 2 

27 41 54 15 | .84 

27 40 D2 61 eT 

AY 0.27 0.41 0.56 0.69 0.81 

5-8 0.10 0.29 0.41 0.50 0.63 

16 28 41 51 60 

20 39 .50 66 15 

17 39 39 46 57 

AY 0.16 0.34 0.43 0.53 | 0.64 

| 

estnut 9-16 DBs 0.65 0.90 1.06 | 1.40 
Bo) 60 .80 97 | 1.10 
335) .60 .90 We | ibeis 

31 .62 91 1.01 fy etl s1'9: 

29 We 52 15 .93 Pe gales: 

30 .00 73 93 1.19 

AV 0.32 0.58 0.83 1.00 ies 

5-8 Omlez 0.40 0.60 0.78 0.85 

10 30 67 88 1.05 

Dal 45 .63 80 92 

25 48 . 70 91 1.03 

24 40 Bom 1D 90 

28 42 la 83 65 84 

AY 0.22 0.41 0.61 0.79 93 

eet Gum 9-16 0.29 0.51 0.60 0.78 0.95 
eB 40) 66 15 88 

30 51 {BH 15 92 

Sie 54 he ae 97 1.10 

AV 0.28 0.49 0.66 0.81 0.96 
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TABLE XXII—Ooncluded 


Total Lateral Movement of Spikes in Inches 
Kind of one Number of Blows 
Tie in. sq 
1 2 3 4 
5-8 0.14 0.28 0.45 0.62 0. 
Sweet Gum 5 : coe es 
16 33 .46 62 
14 38 42 50 
AY 0.16 0.34 0.47 0..59 0) 
Loblolly 9-16 0.22 0.33 0.50 0.61 0 
Pine 123 apie, .65 KG) 
12 .23 «30 42 
24 od 58 fl 
26 42 <00 10 
23 45 64 WW 
AV 0.22 0.36 0.54 0.65 0) 
5-8 0.16 0.30 0.40 0.50 0 
avi 42 .63 ne 
17 22 30 51 
15 23 40 52 
2B 38 46 61 
12 19 .29 36 
23 39 .03 68 
Av. 0.18 0,30 0.43 0.56 0.65 9 


averages in the last column of the table show that the amount 
- the lateral movement decreases as the depth of penetration i : 
creases. Also, the difference between the deflections of the 4-, 4 1- 
and 5-inch spikes is practically negligible, but for shorter ional 
the difference in the deflections becomes greater. ; 
Table XX VI gives the lateral movement of the screw spike 
for each of the several blows for which the total movement 
were given in Table XXIV. The number of spikes used in eac 
kind of timber was usually three; but in case there was conside: 
able variation in the results, more spikes were tested. By astud 
of this table the effect of impact upon screw spikes in differer 
kinds of timber may be determined. 
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TABLE XXIII 
LATERAL MOVEMENT OF ORDINARY SPIKES FOR HACH BLOW 


seyoul OO), QUAN VOUS ose ces “ooSlWarS | sHigol coco) GuieNl co. 
; : SH LON HN THN 16H HH CGH CON HOD DH HUN 
JVUIWIAO TAL ‘roa ht coaal \ oe ih ama \ co [Ot pal ot ret ‘oma lth oma ‘oral hema ‘cml tema ‘emt man Nr retort rir 
BSCIOAW S10) Co, Soo So too, So fom co Soo Se oS 
PO HO O©D® MHD SCO HH MO ANH Mt ON HOD 
co SS HS SS HAS AA AA AA AR ANA AH OS 
, So ee Sol Seo ISS SS SS Se SS loo SS 
es) 
H 
cS) 
> 
os NO HO HO HH NO MH MO HO FO WN HM 
= tS ie iat eel ie Gs! iehet sabe! Seika mie! aah 
3g Se ee Se Se Set Se Se ao Sa Sea SS 
in 
Wo 
og 
ae ro rm FN tH 104 NM FSO 10D 0S FHM OM 
o.8 a raat Set eet eit Sete ee iit tS I TSU ici 
Sy Sa Ce Ce So Se See So Se SS SS ES 
= 
ome) 
(B= 
pm mH OM COD 10H DID HH OH HO OM HO +N 
fe Sy ee ert oo ee ie gee ret eats hte keeles 
a Sey roel Soo. So, SS) So Noo Ser wSio Foo oS 
o 
> 
° 
= Bere Or Bare HH MOD NH WH FO AN DO NO 
a NA AA NA NAR NT NN NG NT MN NN AN 
Se Ser Se Seo ese Se Se Seo So SS SS 
“Ds ‘UT Ne} No) Co) Ne} oO Re) Re) Re) Ro) Ce) Re) 
t HO HO HO HO HO HO HO HO Ho HO Ho 
6 ee ht | eee | Wie Ly Ra | es oo8 I | eat | per ee Tae ee 
OIA JO OZIG | aid G16 BiH BMH B10 BO Md BH Hd Mid Go 
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TABLE XXIV 
DETAILED RESULTS OF IMPACT TESTS OF SCREW SPIKES 


Total Lateral Movement of Spike, in Inches 


Kind of Number of Blows 
Tie 
1 2 3 4 
White Oak 0.09 0.16 0.23 0.30 
10 .20 24 32 
OT 14 Pal 28 
AY 0.09 Omir 0.23 0.30 
Black Oak 0.11 0.21 0.26 0.36 
10 19 20 33 
ib 18 24 31 
AV Opell, 0.19 0.25 0.33 
Water Oak 0.09 0.13 On22 0.33 
ipl iy 220) 34 
08 18 26 35 
AV 0.09 0.16 0.24 0.34 
Red Oak 0.12 0.21 0.35 0.45 
INE 20 34 44 
17 23 233. 46 
AV 0.13 0.21 0.34 0.45 
Ash Onli 0.23 0.34 0.47 
18 Dai 5035) 46 
12 25 EOD 45 
AV 0.16 0.25 0.34 0.46 
Elm 0.11 0.30 0.38 
12 122 37 
21 -40 58 
25 -40 52 
AV 0.17 ORS. 0.46 
Beech 0.10 0.18 0.23 
at 18 26 
12 19 25 
16 .28 38 
17 Ap! 52 
20 .40 52 
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TABLE XXIV—Concluded 


Total Lateral Movement of Spike, in Inches 
Kind of 
Tie Number of Blows 

1 2 3 4 5 
0.09 0.16 0.32 0.60 0.78 
10 16 Seal 40 61 
09 15 34 39 49 
19 35 44 61 78 
18 40 coo 62 15 
17 27 40 63 71 
16 30 .39 51 62 
Ay.| 0.17 0.24 0.38 | 0.54 0.67 
stnut 0.16 0.23 O.88. eh 0543 0.50 
ab 22 ail 52 56 
12 24 Eo 42 ill 
20 31 poet We cb 59 
19 28 39 48 65 
AV 0.16 0.26 0.37 0.47 0.56 
eet Gum 0.20 0.38 Ore 0.68 | 0.78 
| 26 46 60 gal * yl .79 
30s 48 51 14 .8¢ 
18 32 40 49 | 61 
25 38 47 59 .68 
| AV 0.24 0.40 0.50 Daeb- | ae! 
elolly Pine 0.20 0.41 0.62 ONIZ a 0x88 
Pal 39 .58 69 | 78 
21 32 48 64 | 81 
23 31 56 66 80 
AY. 0.21 Ont 0.56" |) 0:68) SIDS 0282 


Table XX VII is given to facilitate the comparison of the rel- 
ve lateral resistance of ordinary and screw spikes. The data 
e collected from Tables XXIII and XXVI. The average total 
ection of the screw spike in the first seven timbers is 0.50 inch 
ich is 0.15 inch less than that of the 5-8-inch ordinary spike and 
5 inch less than that of the 9-16-inch ordinary spike. In the 
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TABLE XXV 


RELATION BETWEEN THE DEPTH OF PENETRATION AND THE RESISTANG 
TO LATERAL DISPLACEMENT 


Deflection in Inches _ 
Depth a 
of Number of Blows ESS 
Insertion G 
1 2, i 4 5 
Sins 0.24 0.46 0.64 0.78 0.87 
22 41 555) .69 84 
24 43 .67 76 98 
AV 0.23 0.43 0.62 0.73 0.90 0.58 
31-2 im: 0.24 0.46 0.62 Oma 0.80 
24 39 53 69 80 
19 34 49 63 74 
AY 0.22 0.40 0.55 0.70 0.78 0.530 
4 in. .20 0.39 0.49 0.60 0.7L 
21 40 srl .63 17 
23 33 Oi 62 WP 
AY 0.21 0.37 0.54 0.62 Ont 0.494 
4 1-2 in. 0.24 | 0.30 0.50 0.65 0.74 
20 34 ae 68 73 
2a 36 54 62 719 
AY 0.22 0.33 0.52 0.65 ON ib: 0.494 
5 in. 0.22 0.38 0.49 0.61 Oni! 
23 40 3) 67 15 
15 34 48 57 69 
AV 0.20 0.34 RDI 0.62 0.72 0.4 


last four kinds of timber the average total deflection of the ser 
spike was 0.70 inch, which is practically the same as that of ¢ 
5-8-inch ordinary spike, but which is 0.24 inch less than that | 
9-16-inch common spike. The results in the last two colum 
of Table XX VII show that the screw spike is superior to # 
9-16-inch ordinary spike in all but two kinds of timber, and th 
the screw spike has a higher efficiency than the 5-8-inch ordinai 
spike in all but three kinds of timber. 
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TABLE XXVI 


LATERAL MOVEMENT OF THE SCREW SPIKE FOR BACH BLOW 


Movement for Hach of the eS 
Kind Several Blows ws 5B 
of Tie He ac 
DODD 
i 2 3 4 5 an 5 
hite Oak 0.09 0.08 0.05 0.07 0.10 0.078 
ack Oak 0.11 0.08 0.06 0.07 | 0.09 0.082 
ater Oak 0.09 0.07 0.08 0.10 0.09 0.086 
ad Oak 0.13 - 0.08 0.13 0.12 0.08 | 0.108 
0.16 0.09 0.09 0-12 0.08 | 0.108 

| 

0.17 0.16 0.13 0.15 | 0.09 | 0.140 
ech 0.14 AED. Vb Oro 0.07 0.08 0.102 
»plar 0.17 0.07 0.12 0.16 0.13 0.130 
estnut | 0.16 0.10 0.11 0.10 0.09 | 0.132 
weet Gum 0.24 0.16 6.10 10.14 0.10 | 0.148 
‘blolly Pine 0.21 Os 1 0.19 0.12 OrI4! hs M0164 


The last two columns in Table XX VII show that the ordinary 
ike was usually displaced more than the screw spike by each 
w. This should be expected since the common spike was 
naller in cross section than the screw spike, and also since the 
ter had better bond with the wood. While the useof the screw 
ike is recommended to the American railroads, it is thought 
tthe practice of Bavarian railroads could be followed to ad- 
‘ntage. These roads have adopted the use of the screw spike 
_the gage side of the rail to resist overturning, but use two 
uare spikes on the outside to resist lateral movement. This 
actice has been found to give very beneficial results. The figures 
the last two columns of Table XX VII show that the lateral resist- 
ee of two ordinary spikes is considerably more than that of one 
1 w spike, and therefore if two spikes are considered as resist- 
2% che impact instead of one, the results will be in favor of the 
dnary spikes. Not only is this true, but the first cost for spikes 
wuld be reduced, since the screw spike costs about four cents at 
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TABLES VIL 


RELATIVE LATERAL DISPLACEMENT OF ORDINARY AND SCREW SPIKES 


- Average Movement 0 
Movement of Ordi- Average {Ordinary Spikesin Te 


Gi nary Spikes Movement of per cent of Move 
es ey of Screw ment of Screw Spike 
Tie Spike, 
inches : 
9-16 in. 5-8 in 9-16 in. 5-8 in.” 
White Oak 0.136 0.118 0.078 175 152 
Black Oak | OmLS2 0.122 0.082 186 149 
Water Oak | 0.142 0.124 0.086 | 165 145 3 
Red Oak 0.148 Onil22 0.108 SH TS 
Ash 0.156 0.146 0.108 144° 4 aes 
Elm 0.138 0.140 0.140 99 100 
Beech 0.168 0.110 0.102 165 108 
Poplar | 0.164 0.128 0.180 |. 126 99 
| 
Chestnut 0.246 0.186 Onley | 186 141 
Sweet Gum 0.192 0.142 0.148 «| 129 96 
Loblolly 
Pine 0.148 0.128 0.154 96 83 


the present time, whereas the ordinary spike costs much les 
The maintenance cost of either form of spike is almost negligibl 
An item of interest which is properly beyond the limits 
this article is that of the ninety screw spikes used in making the: 
tests only two were broken. One was broken under a tension | 
14,000 pounds, the break being caused by an incipient crack jus 
under the head of the spike. The other spike broke under 
fourth blow of the hammer, this break being due to — 
graphite in the metal. As the spikes were obtained from di 
ent sources, and were of different manufacture, it is thought wh 
the test was sufficiently severe to show that the screw spike, a 
manufactured at present, will successfully withstand the sho 
of passing trains. As the spikes were used several times durin: 
the tests, the percentage of spikes broken is very low. | 
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SUMMARY OF RESULTS 


(1) ‘The maximum resistance to direct pull varies from 6,000 
» 14,000 pounds for screw spikes, from 3,000 to 8,000 pounds for 
rdinary spikes when driven into untreated timbers, and from 
,000 to 9,000 pounds for ordinary spikes when driven into treat- 
timbers. 

(2) The direct pull required to withdraw ordinary spikes 1-8- 
eh varies from 2,000 to 8,500 pounds for untreated timbers, and 
“om 2,500 to 8,500 pounds for treated timbers. 

(3) The direct pull required to withdraw ordinary spikes 1-4- 

ach varies from 8,000 to 5,400 pounds for untreated timbers and 
rom 8,800 to 5,900 pounds for treated timbers. 
(4) Timbers having loose fiber structures have lower resis- 
ces to direct pull than timbers having compact fiber structures. 
(5) The amount of withdrawal which must occur for ordinary 
dikes to develop the maximum resistance is less for soft woods 
nan for hard woods. 

(6) Spikes driven into treated timber offer a greater resis- 
ince to direct pull than spikes in untreated timbers, and the 
fference between this resistance for treated and untreated tim- 
ars is greater for soft woods than for hard woods. 

(7) The difference in the resistance to direct pull for the 
fferent sized spikes in use (9-16 inch, 19-32 inch, and 5-8-inch) is 
ary small. 

(8) The resistance of ordinary spikes to direct pull varies 
irectly as the depth of penetration, neglecting the tapering 
oint. 

(9) Blunt-pointed and bevel-pointed spikes have a shghtly 
reater resistance to direct pull than chisel-pointed spikes. 

(10) For withdrawals less than 1-4 inch, ordinary spikes which 
ee driven into bored holes have a little greater resistance to 
irect pull than spikes driven in the ordinary way. 

(11) The resistance to direct pull for re-driven spikes is from 
) 40 80 per cent of the resistance of newly driven spikes. 

(12) The efficiency of screw spikes to resist withdrawal is 
early twice as great as that of common spikes. 

(13) The resistance of 5-8-inch spikes to lateral displacement 
| slightly greater than that of 9-16-inch spikes. 

(14) The resistance to lateral displacement increases with 
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the depth of penetration, but the increase is negligible for depths 
of penetration greater than 4 inches. 
(15) Screw spikes are more efficient than ordinary spikes in 


resisting lateral displacement. 
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